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EVALUATION OF SNAP BEAN VARIETIES FOR PROCESSING
by
Wilbur A. Gould and William Hildebolt
Nine varieties of snap beans were grown on the Horticultural Farm
at The Ohio State University. The beans were planted in 200 foot rows,
36 inches apart with the seed placed two to three inches apart in the
row.
The beans were harvested by hand and transported immediately to
the Fruit and Vegetable Processing and Technology Division Pilot Plant.
They were prepared for canning and freezing. The beans were mechanically
snipped, size graded, spray washed, steam blanched and hand packed twelve
ounces into number 303 plain tin cans. Two size grades were used, 1-3
and 4-6, the latter were cut into pieces 1 to I! inches long, the smaller
size grade were packed as whole beans. Blanch time varied from 2t to
4 minutes depending on sieve size.
The beans were divided by variety and sieve size into two lots as
follows:
1. One half for canning.
2. One half for freezing.
The beans for canning were covered with boiling disti lIed wate..r. JlJ).d
a thirty grain sodium chloride tablet was add.ed to the can. The cans
were exhausted for four minutes, steam flow closed (at 15 psi) and pro-
cessed at 2400 F for 20 minutes. The beans for freezing were sealed in
the cans and frozen without further treatment.
Quality w~s determined as follows (the results as reported in the
following tables are the average values where applicable):
Number of plants - The actual number of plants in 100 feet were
pulled and counted for each of the harvests.
Yield - The beans were weighed to determine the gross yield in
pounds for the number of plants in 100 foot rows.
lumber of pods per pound - The number of pods in a one pound field
run sample was counted.
Percent sieve size - Sieve size was determined qy measuring the
diameter of the pod perpendicular to the sutures. The sieve sizes
of a one pound field run sample were determined and weighed. The
percentage of each sieve size was then calculated.
Pod length - Pod length was determined by evaluating 20 pods as to
minimum, maximum, and average length.
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Vitamin C - A 20 gmo sample of snap beans were ground in a Waring
Blendor for 3 minutes with 180 ml~ of 1% meta phosphoric acid and
filtered 0 A 10 mlo aliquot of the filtrate was titrated with O~1%
2,6-dichlorophenolindophenol indicator solutiono Milligrams of
vitamin C were determined by the following formula:
Dye factor x ml& of dye x 100 = mgy& Vito C00 gmso
Percent by weight seeds - Determined on raw j canned and frozen
products and reported in Tables I, II, and III by sieve sizeQ For
determining percent by weight seeds p 100 grams of pods for each
sieve size was deseeded and the seeds weighedo
The grade for both the canned and frozen products by the respective
attributes of quality was determined in accordance with the U03 0
Standards for Grades of Canned and the UoS~ Standards for Grades
of Frozen Snap Beans o The actual score points assigned each of
the attributes of quality are recorded by sieve size and harvest
for each of the varieties as reported in Tables II and III?
TABLE IA s> SNAP BEANS 00) VAR,IETY EVALUATION go 1966 = RAW PRODUCT DATA
Variety Harvest NO(J of Plants Lbso Yield Noo of Pods Vito C "ito C
aDO' /lOOil /lbo 1...3 4~6
Kinghorn Wax 1 213 18 133 23~27 23027
2 356 25 113 29073 30e32
F.arliwax 1 201 1008 128 21~2,5 31037
2 346 25~6 145 26e82 32007
Tenderwhite 1 433 ge5 107 20075 16tl19
2 480 1505 81 16032 13~99
Greenpod #206 1 700 27 104 16e70 19.23
2 757 34 104 27 ~ 86' 27.86
~ 657 30 99 32007 29.73J
Slimgreen 1 402 11 134 24~79 25030
M
2 370 12~5 120 29~90 27040
CV"\
Greenpod #235 60 58 1 317 162 19023 16~19
2 200 905 126 19~24 18s07
63-317 1 219 1~75 126 18874 20.26
64-407 1 465 8 155 26085 26034
64-478 1 325 608 189 18074 17073
TABLE IB. SNAP BEA~ - VARIETY EVALUATION - 1966 - RAW PRODUCT DATA BY HARVEST
1, 2, and or 3
Yield Pod Lengths in Inches
Sieve No./lb. ~ %Seed %Fiber Min. Max. Ave.
Variety Size 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Kinghorn Wax 1 15 5 7 3 2 2.5 2.25I
2 17 6 9 4 1.5 3 2
3 21 14 13 9 2.9 .03 1.75 1.25 3.5 3.75 2.5 2.25
4 34 10 25 6 4.4 .03 2 1.25 3.5 3.5 2.5 2.5
5 29 18 27 17 6.2 6.2 .04 .03 2.25 2 3.5 4 2.13 3.25
6 17 50 19 61 6.5 13.5 .03 .06 2.13 1.5 4.13 4.5 3.25 3.5
I Far11wax 1 16 23 6 6 2 1.75 3.5 3 2.25 2.5..;:1-
a 2 18 18 9 8 1.25 1.5 3.5 3.75 2.25 2.25
3 33 20 26 11 3.0 .03 2 2 4.25 4.75 3.25 3.25
4 42 29 38 21 3.7 6.7 .05 .06 2.5 2 3.75 4.25 4.75 3.25
5 18 34 20 29 ).7 11.6 .02 .04 2 2.25 5 4.5 3.5 3.5
6 1 21 1 25 16 .08 4 2.5 4 5.25 4 4
Tenderwh1te 1 16 2 7 1 2.25 2.75 3.25 3 2.75 2.88
2 12 3 8 1.5 2.25 2.75 3.75 3.5 3.5 3
3 18 6 13 4.5 1.2 .02 2 2.5 4 4 3.25 4
4 20 19 19 16 1.2 3.2 .04 .06 2.5 3 4.25 4.25 3.5 3.25
5 29 16 35 16 1.8 6.5 .03 .12 2.5 2.5 4.5 4.5 3.25 4
6 12 41 18 58 2.3 8.5 .02 .12 3 2.25 4.5 4.5 4.75 3.75
TABLE IB 0 SNAP BEANS - VARIETY EVALUATION - 1966 a. RAW PRODUCT DATA BY HARVEST
1, 2, and/or 3
Yield Pod Lengths in Inches
Sieve No. lIb a 1> :1e Seed 10 Fiber Min~ :Max. AV6 0
Variety Size 1 2
_3 1 2 3 1 2 3 1 ;2 3 .1 2 3 1 2 3 1 2 3,.&.. ...L.
Greenpod #206 1 6 11 8 2 4 2 2025 2 2025 3 3.5 3 3.3 203 2 0 5
2 16 7 9 9 5 3 1.5 3 205 4$5 305 -:< 3.5 303 205...I
3 11 18 5 8 11 3 3.1 004 205 2.5 2.25 4.5 4.25 4 3.3 3.5 3.3
11- 25 11 6 24 10 3 4.2 .03 3.0 3 2.25 4075 4.75 3.5 3.8 3.8 208
~ 30 27 23 36 30 21 5.1 5.0 8.9 .03 004 105 2~5 2 0 0 4 0 75 5.0 4 0 25 3.8 308 300
./
6 16 30 48 21 40 68 5.0 7.1 .03 .05 ~09 2075 2 lG5 5.0 5~25 4&75 4 4 4 floU
• Slimgreen 1 25 3 11 1 1.6 .03 1.5 2 305 3.25 1) ,~'? ~CoO It""" _ o~)If\ 2 ~., 4 19 2 2 2 0 25 4.25 3 205 208I -1.1.
3 31 20 23 12 202 2.3 .02 .04 2 "'l r-'7t;::: 4 3 7:::; 3 208cJ... (j ~ I ./
4 27 40 25 30 3~1 509 002 011 2 '1 71:) 4 0 13 4 3 3...L.. !./
5 18 38 20 39 3.0 6.4 004 006 2 3 4075 4.5 3.5 3,5
6 2 15 2 16 6.7 007 205 2.75 4 0 25 4 3~5
Greenpod #235 1 53 19 17 5 .9 .02 1 2 3.25 2075 2 0 5 203
2 11 22 22 9 1.1 .05 2 1.5 3.753e25 2.5 203
3 19 13 14 9 1.2 .0·4 1.5 2 3.5 4 2.8 2.8
4 22 11 18 8 2.3 .03 2.25 1075 4.25 3.75 303 3
5 16 15 15 12 3.0 3.2 .04 .07 1.5 2 3.75 4 3 3
6 11 46 14 57 4.6 6.4 004 .02 2.25 1.75 3075 4.5 208 3.3
TABU: IB. SNAP B:EANS - VARIETY EVALUATION - 1966 - RAW PRODUCT DATA BY HARVEST (1)
Sieve Pod Lengths in Inohes
Size No./lb. ~ ~ Seed '{D Fiber Min. Max. Ave.
Variety ~ 1 1 1 1 1 1 1 1
63-317 1 18 6 1.75 3.5 3
2 26 16 1.2 .03 2 3.75 3
3 29 23 1.2 .04 2 4 3.5
4 32 31 2$0 .08 2.75 4.5 3.25
5 19 22 2.2 .03 2 5.25 3.75
I 6 2 2 3.25 3.75 3.5
\0
I '\
64-401 1 14 5 2 3 2.5
2 27 12 1.4 .08 2 3 2.5
3 33 20 2.6 .06 2.5 4 3
4 50 36 5.6 .05 2 4 3.25
5 30 26 6.5 .06 2.5 4.75 3.25
6 1 ,.L.
64-478 1 37 11 1.5 2.75 2.25
2 47 20 4.3 .07 1.75 3.5 2.5
3 53 30 5.9 .09 2 4 3
4 43 30 7.3 .04 2.5 3.75 2.75
5 8 8 2.5 3.15 3.5
6 1 1
TABLE IIo 1966 SNAP BEAN VARIETY EVALUATION
CANNED PRODUCT
U.SoD.A. Grade Factors
Abs.
Har- Sieve % of Char- Total Vito
Variety vest . Style Size Seed Liquor Color Def. acter Score Grade C Fiber
Kinghorn Wax 1 Whole 1-3 4.7 9 10 30 36 85 B 7.61 .057
2 Whole 1--3 6.4 8 12 29 36 85 B 6002 .062
x 5.5 8.5 11 29.5 36 8.5 B 6.82 .060
1 'Cut 4-6 10 8 14 32 32 86 B 9.19 .051
2 Cut 4-6 19.5 7 13 26 31 77 C 9.19 0062
x 14.8 7.5 13.5 29 3105 81.5 B 9.19 .057
Earliwax 1 ~Vh.o1e 1-3 6.25 8 12 32 36 88 B 7.93 .076
2 Whole 1-3 7.6 8 10 27 35 80 c 6.34 .031
C'- x 6.93 8 11 29.5 35.5 84 B 7.14 .054
1 Cut 4-6 8.9 8 14 34 33 89 B 8.24 .031
2 Cut 4-6 24.2 7 14 27 30 80 C 9.19 .080
x 16.6 7.5 14 30.5 31.5 84.5 B 8.72 .056
Tenderwhite 1 Whole 1-3 2.2 10 1h 29 37 90 A 9.19 .010.#206 2 Whole 1-3 6.2 8 ]2 27 33 80 B' 7.29 .107
x 4.2 9 13 28 35 85 B 8024 .059
1 Cut 4-6 3.4 9 14 32 35 90 A 7.61 .048
2 Cut 4-6 11.1 9 14 28 35 86 B 6.34 .193*
- 7.3 9 14 30 35 88 6.98 .121x B
Greenpod 1 Whole 1-3 4.1 8 10 29 36 83 B 7.93 .051
2 VJho1e 1-3 7.6 8 10 30 31 85 B 8.56 .095
3 Whole 1-3 8.8 8 10 28 35 81 B 5.39 .076
x 6.8 8 10 29 36 83 B 7.29 .074
1 Cut 4-6 5.75 8 13 31 36 88 B 9.19 .053
2 Cut 4-6 9.3 8 13 29 33 83 B 7.93 .070
3 Cut 4-6 16.6 8 10 28 32 78 C 9.83 .130
x 10.6 8 12 29.3 33.7 83 B 8.98 .084
T.ABLE II (Continued)
U.S.D.A. Grade Factors
Abe.
Har- Sieve
"
of Char- Total V1t .
."y!rlet; vest Style Size Seed .~_.~~~quor Color Def. acter Score Grade C F1bsr
S11mgreen 1 Whole 1-3 4.2 9 13 29 37 88 B 9.19 .045
2 Whole 1-3 10 0 2 9 9 31 35 84 B 5.39 .115
i 7.2 9 11 30 36 86 B 7.29 .080
1 Cut 4-6 7.9 8 14 28 35 85 B 8.56 .056
2 Cut 4-6 13.9 8 13 32 36 89 B 6.34 .164*
i 10.9 8 13.5 30 35.5 87 B 7.45 .110
Greenpod #235 1 Wllole 1-3 2.1 '"{ 14 27 34 82 :B 9.51 .069
2 Whole 1-3 3.9 8 13 30 34 85 B 5.07 .070
I
co
• x 3 7.5 13.5 28.5 34 83.5 B 7.29 .070
2 Cut 4-6 10 10 13 30 36 89 B 6.66 .062
63-317 1 Whole 1-3 3.4 10 14 28 34 86 B 7.29 .025
1 Cut 4-6 5.8 10 13 31 33 87 B 9.19 .080
64-407 1 Whole 1-3 10.45 9 14 30 33 86 B 7.93 .060
1 Cut 4-6 12.5 10 14 30 33 87 13 7.61 .099
6~-478 1 Whole 1-3 13.6 9 12 30 35 86 B 8.24 .039
1 Cut 4-6 9.4 8 13 29 35 85 B 7.29 .061
*
Exceeds fiber tolerLww8 0.15.
TABLE III~ 1966 SNAP BFAN VARIETY 11TALUATION
FROZEN PRODUCT
U.SoD~A~ Grade Factors
Abs.
Har coc Sieve % of Char<>&> Total Vit.
Variety vest Style Size Seed Color Def. acter Score Grade C Fiber
Kinghorn Wax 1 Whole 1-3 6 16 34 36 86 C 22.2 .079
2 Whole 1-3 4 15 35 38 88 c 19.2 .029
x 5 15.5 34.5 37 87 c 20.7 .054
1 Cut 4-6 11.5 17 36 35 88 B 20.4 .030
2 Cut 4-6 _ 28.5 18 34 27 79 D 25e8 .115
x ~v 1705 35 31 83.5 C 23.1 cO?3
--_._._.-
Ear1iwax 1 ~fuo1e 1-3 7.5 15 35 36 86 c 19.2 .01.13
2 Lmole 1-.3 4.1 15 34 38 87 c 18 .065
-
x 5~8 15 3405 37 8605 C 1806 .054
0"\ 1 Cut 4--6 7.5 18 38 36 92 A 22.2 .o41~
2 Cut 4-6 _ 21.L 18 36 30 84 c 2904 .117
x 14Q45 18 37 33 88 B 2508 .081
'."~----.':'
Tenderwhi te 1 Whole 1-3 2.1 18 36 31' 91 A 28.8 .043
2 Whole 1-3
-
3.7 18 36 37 91 A 24.0 .221
x 2.9 18 36 37 91 A 26.4 .132
1 Cut 4-6 3.4 19 38 36 93 A 14.4 .023
2 Cut 4-6 _ 13 17 35 27 79 D 25.2 .166
x 6.2 18 36.5 35.5 90 A 1$.3 .095
Greenpod 1 Whole 1-3 4.2 18 34 38 90 B 22.8 .049
#206 2 vlhole 1-3 7.8 18 35 36 89 B 24 .11~
3 Whole 1-3 _ 9.4 19 33 38 90 B 20.L. .102
x 7.13 18.3 34 37.3 89.7 B 22.4 .089
1 Cut 4-6 5 18 32 35 85 B 21.6 .059
2 Cut 4-6 9 18 33 35 86 B 23.4 .084
.3" ~ Cut 4-6 14.5 18 34 35 87 B 24.6 .114
x 9.5 18 33 35 86 B 23.2 .084
I .. ,TA3IE III ,Continueo)
USDA Grade Factors
Abs.
of Char-
Color Def. acter_YEJ:r1~~k
Slimgreen
Har-
"Test
1
2
.,
j
2
Sty'le
Whole
vl1101e
Cut
Cut
Steve
Size
1-3
1-3
4-6
4-6
%
Seed
4
8. ~)
x 6.25
~). 9
13.8
x 9.,85
IB
18
18
18
1.8
18
37
34
35.5
35
36
35.5
38
37
37.5
36
27
35.5
Total Vit.
~cor6 Grade C FilJer
93 .A 30 .054
89 B 16.8 .140
91 A 23.4 .099
89 B r-c.. 9 .049c:. ,.,i • l....
81 1\ 19.8 .188*,;..,;
89 B 22.5 .119
GreenpOd-ff235 1 "Thole 1-3 -~ 3
2 W:nole 1-3 3.9
·.x 3 ..5
98 A 18 .Oq.5
95 A 24 .064
96 .5 A 21 . 055
I
o
r-f
I
1
2
Cut
Cut
4-6 5.1
4-6 9.7
i 7.4
20
19
19.5
18
18
18
39
38
38.5
36
35
35.5
39
38
38.5
36
36
36
90
89
89.5
A
B
A
15
22.8
18.9
.035
.050
.043
63-317 --~r ---~~ Tflhole--------1-3 3.8 19 38 38 95 A 19.8 .090
1 Cut 4-6 6.3 18 36 34 88 B 17.4 .096
b4:!i07 1 y,TI101e 1-3 7.2 18 38 38 94 A 24 .119
1 Cut 4-6 11.9 18 39 35 92 B 24 .088
54~t8--~---------~-1-~---Whole- 1-3 8.7 19 36 ~-~-37---~-------92 A 22.2 .069
1 Cut 4-6 13.8 19 35 36 90 B 24 .108
* Exceeds fiber tolerance 0.15
-- 11 -
E'vJlL'UJiTIOI~ OB' VA~.L[OUS GIti'iP:E CULTIVA11S FOR I)ItOCESSII'JG
I • T.ABlE t;~Il~ES
J'. F 0 Gallander
During 'the 1965 SAason, nine grape Cliltivars were processed a'nd
evaluated for their suit::tbility' irl rnanufacturing dry table winesGI The
various grape cultivars used in this investigation 1J-Jere grown at t'he
Southern Branch of the Ohio l\.gricultural Ii-e sear cb. and Development Center
in Ripley, 011io 0 Ea.ch cultiva.r was rlarvested at maturity and transpor-
ted to t'he Depart1nent of Horticulture in It/ooster, Ohio, for processingQ
Beforet'he fermerlta.tion wa.s initiated, a representative sample of
each received grape cultivffi' was analyzed for the following:
1. pH" The I)H was deterlni'ned by the glass electrode method
(Beckm,an Zeroma'tic pH meter) USiJlg 10 mI. of grape juice
diluted with 90 mlo of distilled water3
20 Total acids 0 A 10 ml~ grape juice sample was directly titrated
with a 0.1 Normal sodiurn hydroxide solution to a pH of 8.2.
The percent total acids TtJas calc'ulated as tartaric"
3. Total soluble solidso The soluble solids content was determined
by an A.bbe refrac'tometer.
441 Total sugars 0 The to'tal sugar content of the grapes was
determined by the Lan,e and By'non procedure and was expressed
as rt-:ducing sugars ...
The percent totJal acids vaJ'"!ied lrJidelywith Seibel 10878 having the
highest percent, OQ99 and Yates the lowest percent, o~48 (Table I).
The cultivars 'highest ill percent.J total s were: Yates (20005)"
Seibel 10878 887) and Seibel
After t'he analysis of the rate] produc~,1 each grape cultivar was fer-
mented by a sta,ndard procedurefJ Br-1_e.fly, 'the procedure was as follows:
The received grapes were stemmed, cru,shed and treated with 100 ppm 8°2 0
After 24 h,ours" yeast was add.eo arid stil';redtwice daily for four days 0
Then, 'the crushed gra,pes were pressed arld sLIgar ",-vas added to bring the
original solu.ble solids conterlt to After t11e fermentation was
completed, thewirles were racked at least 3 times and then bottled.
After a month t s storage F), the wi'neswere analyzed for various
chemical constituents and e'valuated orga'noleptically (Table 2). The
following chelnical cO!lstituents were determined:
10 Tota~ ~cids: The wine was titrated with a 0.1 Normal sodium
hydroxide solution 'to a pH of 0.2. T'he percent total acids
\iv-as calc'ulated as tartaric"
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TABI.:E I. R4W PRODUCT EVALtJA'J:lION OF VARIOUS
GRAPE CIJLTIVARS, 1965 SEASON
Total Soluble Total
Harvest Acids Solids Sugars
Cult1var rate Color ~H ~ %
"Selbel 5279 Aug. 17 White 4.25 0.71 19.h5 18.40
Seibel 9549 Aug. 17 Blue 3.80 0.89 16.93 15.76
Seibel 10878 Sept. 2 Blue 3-38 0·99 19.35 18.87
Yates Sept. 2 Red 3.65 0.48 20.18 20.05
Baeo #1--'-- Sept. 7 Blue 3.64 0.98 18.90 16.75
Steuben Sept. 7 Blue 3.43 0.58 17.30 14.97
Bakay Sept. 7 White 3.35 0.90 15.64 13.80
s.v. 12375 Sept. 14 White 3.30 0.84 15.67 13.90
Sheridan Sept. 14 Blue 3.45 0.69 15.59 ]2.92
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TABLE II. EVALUATION OF WINES OF VARIOUS
GRAPE CULTIVARS, 1965 SEASON
Analyses
Total Total
Sugars Acids Alcohol Extract Tannin Quality
Cultivar 10 % % ~ mg!lOO ml Descrj.ption
Baeo #1 0.32 0.78 12.3 2.7 110 Oxidized, poor
Seibel 5279 0.15 0.64 13.3 2.0 25 Strong aroma, fair,
off flavor
Yates 0.14 0.48 13.3 1.6 108 Labrusca., soft and
fruity, good
Bokay 0.30 0.72 13.4 1.8 20 Natural, t~ood
S.V. 12375 0.22 0.68 13.1 1.7 24 Neutral fla,vor and
aroma, a.cid excellen_t
Steuben 0.21 0.63 13.7 1.8 89 Strong labrusca, fruity
soft a.cld, good
Sheridan 0.22 0.69 13.4 1.6 69 Mild labrusca, good
acid, fruity (mild)
good
Seibel 9549 0.43 0.71 13.6 2.0 89 Excellent flavor lind
aroma. , ex~cellent
Seibel 10878 0.26 0.65 12.8 1.7 56 Good fla.\-ror and arorna,
good
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2. Total sugars: The total sugar content of the wines was deter-
mined by the Lane and Eynon procedure and was expressed 88
reducing sugars.
3. Alcohol: The alcohol content was determined by using an ebul-
lio8cope, Dujardin-Salleron type.
4. Tannin: The tannin content was determined by using the standard(Pro) procedure.
5, Extract: The extract of the wines was determined by taking the
density of a dealcoholized sample.
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RE;COMMENDED FRUIT CARIETIES FOR
CANNING AND FREEZING
by
James F. Gallander
One of the most important factors in producing a high quality pro-
cessed fruit product is the selection of a suitable variety. The vari-
ety must be able to retain certain desirable characteristics (color,
flavor and texture) after processing. Freq.uently, a particular variety
of fruit is found to possess several desirable fresh fruit qualities,
such as large yields, disease resistance and. convenient maturity dates
but cannot be recommended because of its poor canning and freezing qual-
ity. Since new varieties are constantly being developed and as the need
for improved varieties for processing has greatly increased, the Research
Center is conducting studies to ascertain the suitability of promising
new varieties and selections for processingG The information from these
investigations will serve as a guide in the selection of the most suit-
able varieties for canning and freezing.
This study included the evaluation of the following fruits: scraw-
berries, blueberries, blackberries, black raspberries, apples and peaches.
All varieties were grown in the horticultrual plots at the Research Center.
During each season, the fruits were harvested at picking maturity and de-
livered to the Horticulture Building for processing. The fruits of each
variety were sorted, washed, drained and processed in accordance with
accepted methods. After the processed products were stored for approx-
imately 6 ff1onths, each v8:riety of fruit "t~as evaluated by a taste panel
for color, flavor and. texture. Gpnerally, the panel consisted of at least
8 members and each panelist was asked to score the product on a hedonic
scale of 1 through 9 (5 and above being acceptable)s The results were
used as a basis in recommending fruit varieties for freezing and canning.
A. Strawberries, Frozen - After the berries were washed, the caps
were removed and each berry was sliced in half. Then, four
pounds of sliced berries were gently mi.xed with one pound of
sugar until dissolved. The sliced berries were packed and
sealed in moisture-vapor proof containers and were immediately
placed in -15 0 F. storage.
ReCOffiluended Varieties - Pocahontas, Surecrop, }1idway, Earlidawn,
Sparkle and Tennessee Beauty.
Bo Blueberries, Frozen - After the berries of each variety were
washed, they were packed in moisture-vapor proof containers
and covered with 40 percent sucrose syrup. The filled con-
tainers were then sealed and placed in -150 Fo storage 0
Recommended Varieties - Jersey, Coville, Dixi, Cabot, Earliblue,
Berkeley, June, Adams, Atlantic and Pioneer.
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c. Blac~rie~, Frozel1 - After the berries of each variety were
washed, they were packed in moi.stul·e-VaI',or pr·oof corltainers
and covered with 40 percent sucrose syrup. The filled con-
tainers were then sealed and placed in -150 F. storage.
Recommen~..f! Varie~ie8~- Bai.ley, Da:rro'w, Ifendrick, Ebony K.irlg,
Eldorado a.nd Lucre'tia~
D. Black I!a.sEberrief!, ~!:o~~l! - Af·l;er th.e berries of each variety
were washed, they were packed in mOinture-vapor proof containers
and covered. wi th 40 percent SllC!·OS~(-~ sjrrup. The filled corltainers
were then sealed and placed in -15 0 F. storage.
Recommended Varieties - Dundee, ~lo:cr··ison, Bristol, Ctlnlt:erl].and,
~gan ana 131ac:l{ IlawF:
E. Peaches, Frozen - After the peaches were cut in half and pits
removed, t.he halves, cutslcle do~]n f '\-;'€I"e pI.aced, in. ~i steam cham-
ber for approximately 75 seconds. Then, the peaches were sprayed
with cold water and the peels w'eI'e rf:\moved e T.lle :frl1i't wn,8 sliced
directly into a mOisture-vapor proof container and covered with
chilled 40 percent sucrose syrll.p eO:!1:t~lirling ascorbic acid (6
grams per gallon of syrup). 11he fil.led containers were then
sealed and placed in -15 0 F. storage~
Recommended Va_ri.eties - Sunhigh, l~lberta, Ha.lehaven, I{edJ:1.avt~n,
Triogem, Kalhaven and Keystone.
F. Peaches, Canned - After the peaches were cut in half and pits
removed, the halves, cut side dO':;<]!l t ~',re're placed i.n a s1~eC::i!n cha,m-
ber for approxi.mately 75 seconds It TIIE~n, J the !jeaCl1es WeI'E) 8}.lrayed
with cold water and the peels ~lel"e !"·eulD\red. Ttle f*r"ui t was sliced
directly into a 15 percent sucr'ose S,Yl~llP corltaining 6 gra,llis of
ascorbic acid per ga.llon. The sli.ces we:-c1e draj_ned, pacl{~)d i.:n.to
No. 303 cans and covered with [lot 4,,0 percent SjrIUp. .Af'tGr steam
exhausting for 5 ~inute~, the eanswere sealed, pI"ocessed fOI~
10 minutes at 212 F. an.d cooled ilnn:lediate]~y to rO()lrl temperature.
Recommended Varieties - Redha.ven, TJ:-iogem, Fairha'V~en, Rich.a'l"an
and S'unhaven.
G. Apples, Canne~ - After peeling and coring, the raw apples were
sliced and placed in a 3 percent sa.lt (sodium cilloricle) solu-
tion. Slices were then drained and subjected to 28 inches of
vacuum for 10 minutes. The vacu..lUl1 was broken with steam, sJ_ices
removed and flushed with cold water. The slices were then
placed in No. 303 cans, covered wittl boiling water, sealed
and IJrocessed for 10 minutes at 21 2° F. The ca·ns were cooled
immedj_ately to room temperature •
Recommended Varietj.es - Stayman. Winesap, Golden Delicious,
Jonathan, Northern Spy and Melrose.
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H. Apples, Frozen ~les - After peeling, coring and slicing, the
raw apple sliceS'Were immediately placed in 3 percent salt
(sodium chloride) solution. Then, the slices were used in a
standard pie recipe which the crust and ingredients were essen-
tially the same for each pie as well as the amount of each
ingredient. After the pies (9 inches in diaqeter) were prepared,
they were frozen and stored in a freezer at -150 F.
Recommended Varieties - Golden Delicious, Stayman Winesap,
Jonathan, Rome Beauty and Melrose.
-18-
EVALUATION OF TOMATO VARIETIES FOR PROCESSING
by
w. A. Gould, J. R. Geisman,
C. S. Parrott, J. H. McClelland and W. N. Brown
The 1966 Tomato Variety Trials included 11 varieties of tomatoes
which were grown in replicated plots ~J.ndel' t:tcceptable commercial prac-
tices at the Ohio Agricultural Research and Development Center - North-
western Branch, Hoytville, Ohio. Each variety was harvested 3 times, and
following harvest the tomatoes were transported by truck (approximately
100 miles) to The Ohio State University, Columbus, Ohio for processing.
Quality was determined as follows (the results as reported in the
following tables are the average values):
1. Size or average count per 25 pounds. A random sample of 25 pounds
of tomatoes were weighed and the total number of tomatoes were
determirled.
2. Percent total acid as citric. The sample (raw or caroled) used
for .pH determination was directly' titrated usj.ng O. '1 Nc<nnal
Sodium Hydroxide solution to a I>ll of 8.1. CalCll1ations using
the following equation were made:
%acid _ iNa. mI. of 0.1 .N liaO't!l(· 00641 x 100
as citric ~. 10 mI. sample
pH. The pH was determi.ned by the glass electI·ode me<J"to(l (Beckman
Zeromatic pIl meter) using 10 ml. of tomato j'uic€ (I-aw' or canned)
diluted with 90 mI. of distilled water.
4. Juice Color. Agtron F samples of raw or canned tomato juice
were presented to the Agtron F instrument in a standard plastic
sample cup. The instrurnent was staIldardized, using a bla.ck
plastic plate (Monsanto Lustrex 11250) as 0, and a red plastic
plate (rVIonsanto Lustrex 11 250) as 70. Readings were taken di-
rectly.
5. Percent soluble solids. An Abbe 3L refractometer was used for
direct determinations of percent soluble solids on raw or canned
juice. The instrumerlt was standardized with distilJed water and
all readings converted to 20° C.
6. Grades of Canned Tomatoes. T.he gra,de was determined in accord-
ance with the U.S. Standards for Grades of Canned Tomatoes.
7 0 Grades of Canned Tomato Juice. Tlle grade was determined in
accordance with the U.S. Standards for Grades of Canned Tomato
Juice.
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8. Viscosity. The viscosity was measured using the GOSUC efflux
tube instrument containing a 5/64" opening and standardized at
23 seconds at 25° C with water. The rate of flow from the in-
strument was measured with a stop watch and the readings re-
corded directly.
9. Raw tomato cut surface color. A random sample of 20 raw toma-
toes were cut in half and color measured on the Aftron E instru-
lnent. The HEff values reported are an average for the 20 tomatoes.
10. Vitamin C. Ten mI. aliquots of tomato juice were diluted with
90 mI. of 1% meta phosphoric ecid and filtered. A 10 mI. ali-
quot of the filtrate was titrated with 0.2% 2, 6-dichorophenol-
indophenol indicator solution. Milligrams of vitamin C were
determined by the following formula:
Dye factor x mI. of dye x 100
Preparation and Processing
mgm. Vit. C
100 gms.
All tomatoes were prepared and processed as either whole tomatoes
or tomato juice accordtng to acceptable cOlnmercial practices in the asu
Pilot Plant.
Each lot of whole tomatoes was filled to 11.5 - 12.0 oz. in No. 303
plain tin cans. The detailed data are presented in Tables I, II, and III.
TABLE I. 1966 FAW PRODUCT TOMATO VARIETY EVAWATIONS - OBJECTIVE
QUALITY AND CHEMICAL ANALYSIS
Count/ Color-Agtron Total Soluble
Variety 25 lbs. Quality E F pH Acid Solids
Bouncer 160 Field Run 46 38 4.55 .33 4.1
(ROFG) #1 49 34 4.55 .39 4.1
#2- 75 58 4.42 .38 4.1
Libby 1626 149 Field Run 41 46 4.35 .44 4.7
III 30 26 4.53 .42 4.9
#2- 82 54 4.24 .49 4.6
Campbells 17 109 Field Run 36 38 4.34 .40 4.5
#1 35 26 4.35 .35 3.9
#2- 61 54 4.20 .41 4.3
,
0 !el1'\zI370 144 47 60 4.38 .34 4.0C\J Field Run
• #1 37 32 4.25 .42 4.3
#2- 74 82 4.05 .55 4.8
Campbells 102 Field Run 40 50 4.30 .44 4.2
1327 #1 43 28 4.28 .42 4.2
#2 80 78 4.19 .63 3.8
Campbe11s 19 90 Field Run 47 60 4.40 .40 4.5
#1 40 32 4.22 .39 4.3
#2 64 86 4.10 .47 4.3
VF 145-22 126 Field Run 42 44 4.49 .33 4.8
#1 48 28 4.25 .36 3.6
#2- 72 80 4.15 .42 3.8
L 2624
-
Field Run
-
34 4.32 .34 4.4
H 1630 - Field Run 38 27 4.21 .40 4.6
XP 627
-
Field Run
-
45 4.15 .38 4.1
TABLE II. GRADE AND OBJECTIVE EVALUATION OF TOMATO JUICE
UcS.D.A. SCore Factors
Abe. Vis-
Cone1s- of Total Total Soltlble Agtron c081ty V1t. C
Var1etz Color teney Def. Flavor Score Grade pH Acid Solids F ( t1ec .) If';fiCl/IOO g.
Bouncer (ROFG) 30 15 15 38 98 A 4.3 .39 5.8 38 87.0 16.7
I
M Libby 1626 30 15 15 38 98 ~ 4.3 .38 5.8 40 84-.0 20.5(\J! I
Campbell 17 30 15 15 40 100 A 4.4 .36 6.0 32 74.8 21.9
Libby 2624 30 15 15 38 98 A 4.3 .33 - 43 50.0 19.1
Heinz 1370 30 15 15 38 98 A 4.4 .37 5.7 31 84.6 20.0
Campbell 1327 30 15 15 40 100 A 4.4 .36 5.8 33 60.6 18.4
campbell 19 30 15 15 40 100 A 4.4 .41 5.7 31 71.2 20.0
TABLE III. 1966 TOMATO VARIETY EVALUATION
GFADE Al't"D OBJECTIVE EVAlUATION OF 'WHOLE TOMATOES
Aba.
Peel Total Drained Whole- of Total
Variety ___ Method . 'OR Acid Weight nee. Color Det. Score Grade Remrks
..
*
Bouncer (ROFG) Steam 4.51 .294 18.3 .18.7 27.3 28.3 92.1 A
Lye-Faspeel 4.6 .249 17 19.7 25.3* 30 92 :B
Lye-1467 4.7 .23 18* 11.7 24.7* 3°' 90.3 B
i 4.6 .258 17.8 18.7 25.8 29.4 91.7
Libby 1626 Steam 4.4 .39 15.3** 18.3 27 30 90.3 B
Lye-146? 4.52 .339 14.7** 15* 25.7* 30 85.3 c
x 4.46 .36 15.0 16.7 26.4 30 87.8
I Campbell 17 Steflm 4.4 .416 18.3 19.3 28.7 27.3 93.7 A Hard c ore and s tam scar(\J
OJ Lye-Faspeel 4.51 .339 16 18.3 25.3* 30 89.7 :BI Lye-1467 4.59 .314 17 16.7 25.7* 28 81.3 B
- 4.50 .356 17.1 18.1 26.6 28.4 90.2x
Libby 2624 Lye-Faspeel 4.4 .352 16 17 26.7* 27 88.7 B
Heinz 1310 Steam 4.42 .346 16.3 18.7 23.1* 30 88.7 c
Lye-F&sIJ8el 4.48 .371 15.7* 19 26* 28 88.7 B
Lye-1467 4.6 .352 18 17.3 27 30 92.3 A
- 4.5 .356 16.1 18.3 25.6 29.3 89.9x
Campbell 1327 Steam 4.5 .378 15.7** 19 24.1* 28.7 88.0 B Hard Core
L,'e-Fal!Jpeel 4.53 .333 15.7** 19.3 26- 27 88 B Can. Det1nned
L,-8-1461 4.3 .311 16 11 25.3* 25* 82.7 B
!
x 4.4 .361 15.8 l18.4 25.3 26.9 86.2
TABLE III (Continued)
Peel Total Whole-
lI18thod II Acid ness Grade Rel1llrks
team . .371 0 B Objectionable corefan
Lye-Faspee1 4.52 .358 20 B det1nned
Lye-1467 4.51 .378 19.3 B
- 4.50 .369 16.8 19.8 26.5 25.8 88.8x
vr 145-22 Steam 4.5 .294 15.3* 19.3 23.7* 28 87.3 c Detinned
Lye-Faspeel 4.7 .256 16 18.7 24.7* 27.7 81 B
Lye-1467 4.68 .269 11 18 25.7* 29 89.7 B
x 4.63 .273 16.1 18.7 24.7 28.2 88.0
Heinz 1630 Steam 4.49 .326 18 19.1 27.1 23.7* 89 c Uncored
L 2624 H Steam 4.4 .365 17 18.1 28.3 23* 87 C Uncored
I
XP 621 4.4 .326 16 19.7 27 27 89.7 B Uncored - Det1nned(V") Steam(\1
I
* Indicates Limiting Rule.
**
Indicatee Partial L1m1tine; Rule.
-24-
THE J!1FFECT OF DIF]~E1mNT JwtEVEltS OI!' STJG'JUt AI'1D .fieID
Ol~ '.rIlE Q'UALITY O~' JlPPLE FRUIft ,~n.lICEDLENDS
by
James Gallander and Harold Stammer
During 1966, the development of app.le fru.i t ju.ice blends was con-
tinued and over 300 blends were evaluated for flavor acceptance. Apple
juice consisting of five apple cultivars was blend.ed with juice of dif-
ferent percents.ges of the followiIlg frui ts : strawberry, grape, cherry,
peach, blueberry and black raspberry, (Tab.l.€' I). Each juice "blerld was
adjusted with sugar and acid to provide a series of 10 different sugar-
acid ratios (1 5 through 40). All blends were pastellrized and 8'ubmj~tted
to a taste panel for flavor evaluation on a hedonic scale of 1 through
9 (5 and above being acceptable). In addition, apple cider (fresh and
pasteurized) was subjected to the taste panel for comparison (Table II).
The data of the flavor evaluation were statistically analyzed and
the results are summarized as follows:
1. Fresh cider was rated significantly higher than pasteurized
cider.
2-.- The optimum sugar-acid ratio f·or each apple-fruit juice blend
was approximately 30.
3. All blends at the optimum sugar-acid ratio level were acceptable
(above a Bcore of 5.0) to the taste panel.
4. The effect of adjusting the SlIgar-acid ratio on the flavor Bcore
of each blend was greater than varying the percentage of apple
juice.
5. The most preferred blend at the optimum sugar-acid ra"tio level(30) was 80% apple - 20% strawberry (7.3) and was scored higher
than fresh (6.2) and pasteurized cider (5.7).
6. Several blends at the optimum sugar-acid ratio level were rated
higher than pasteurized cider: all combinations of apple-grape,
apple-strawberry, and apple-peach.
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TABLE I. CHEMICAL ANALYSIS AND COMPOSTrION OF
VARIaJS APPLE FRUIT JUICE BlENDS
Soluble Total Supr-
Percentage of Fruit Solids Acids Acid
Juice in Each Blend* pH ~ ~ Batio
Apple Grape
50 50 3.45 15.6 0.62 25.1
60 40 3.50 15.0 0.59 25.2
70 30 3.50 14.5 0.55 26.2
80 20 3.53 14.0 0.51 27.2
90 10 3.55 13.6 o.1~7 28.7
Apple Strawberry
75 25 3.65 11.7 0.65 18.1
80 20 3.65 11.9 0.61 19.4
85 15 3.67 12.2 0.57 gX.5
90 10 3.70 12.4 0.53 23.5
95 5 3.70 12 .6 0.48 26.3
Apple Peach
50 50 3.80 13.4 0.56 23.9
60 40 3.80 13.2 0.54 24.4
70 30 3.83 13.1 0.52 25.2
80 20 3.83 13.0 0.49 26.3
90 10 3.85 ]2.9 0.47 27.6
Apple B. Raspberry
70 30 3.78 11.9 0.67 17.7
75 25 3.73 12.1 0.63 19.1
80 20 3.70 12.4 0.59 20.9
85 15 . 3.68 12.6 0.56 22.5
90 10 3.68 12 .1 0.53 24.1
Apple Cherry
50 50 3.50 20.0 0.72 21.8
60 40 3.50 18.6 0.67 27.6
70 30 3.55 16.2 0.61 26.6
80 20 3.55 15.6 0.55 28.5
90 10 3.57 14.2 0.50 28.4
Apple Blueberry
75 25 3.55 12.9 0.61 2~.3
80 20 3.60 12.9 0.58 22.2
85 15 3.65 12.9 0.55 23.3
90 10 3.70 12.9 0.54 23.8
95 5 3.70 12.9 0.50 25.8
* Juice was obtained from fresh fru1 ts except cherry which was from frozen
cherries (4 + 1 pack).
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TABLE II. FIAVOR EVALUATION OF APPLE FBUIT JUICE BLENDS
AT VARIOUS SUGAR-ACID RATIOS
Flavor Score of Each Juioe Blend
Percentase of Fruit at Various Sugar-Acid. Ratios
40Juice in Each Blend 20 25 30 35
Apple Grape
50 50 4.5 5.9 6.6 6.6 5.8
60 40 4.5 5.9 6.6 6.6 5.8
10 30 4.5 5.9 6.5 6.5 5.7
80 20 4.5 5.8 6.4 6.3 5.5
90 10 4.4 5.7 6.3 6.2 5.3
100 Past. 6.1
100 Fresh 6.7
Apple StraWberry
75 25 5.2 6.5 7.1 6.6 5.2
80 20 5.3 6.8 7.3 6.9 5.5
85 15 5.1 6.6 7.1 6.8 5.4
90 10 4.9 6.4 6.9 6.6 5.4
95 5 4.2 5.8 6.3 6.1 4.9
100 Past. 5.7
100 Fresh 6.2
Apple Peach
50 50 4.9 6.0 6.5 6.3 5.6
60 40 5.0 6.1 6.4 6.5 5.8
70 30 5.0 6.1 6.9 6.6 6.0
80 20 4.8 6.0 6.,6 6.6 6.0
90 10 4.5 5.7 6.4 6.4 5.
100 Palt. 6.0
100 Fresh 6.7
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TABLE II. (Gontilraed)
~'l.av'or Sco're of Eaoh Juice Blend
Percentase of Fruit at Varioul.! S~r ..·Acid Riit10s
40Juice in Each Blend 20 25__ 30 35
Apple B. Rae pberry
70 30 5.1 6.0 6.2 5.6 4.4
75 25 5.0 5.9 6.1 5.5 4.3
80 20 J~. 9 5.8 6.0 5.5 4 . .3
85 15 5.0 5.8 6.1 5.5
90 10 5.0 5.9 6.2 5.6 4.4
100 Past. 6.6
100 Fresh 7.6
Apple Cherry
5O-~ 50 5.4 ' 6.4 7.0 7.1 6.7
60 40 4.8 5.8 6.3 6.3 5.9
70 30 4.5 5.5 5.9 5.9 5.4
80 20 4.6 5.5 5.9 5.9 5.3
90 10 5.1 5~9 6~3 6.2 5.6
100 Past. 7.0
100 Fresh 7.6
Apple Blueberry
75 25 3.6 5.4 6.3 6.5 6.0
80 20 3.4 5.1 6.0 6.2 5.7
85 . 15 3.5 5.2 6.1 6.2 5.7
90 10 3.7 5.3 6.2 6.3 5.6
95 5 4.2 5.7 6.5 6.6 5.9
100 Paet. 6.9
100 Fresh 7.9
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EPIDERMAL SLOU'GHING OF SN.AP IlEANS AS
INFLUF~CED BY PRC>CESSINC} VARIABLES
W'111iam Ifildebc)l t and Wt .A i.) ~Jou,l.d
INTRODUCTI()N .AJ:TD B.~~(~KCt}1,Otj1'fD
This study was initiated to investi{~a.te the effects of processing
variables on tIle epidermaJ. SlOl1.g}1irlg of' S11ap ·b~3'a.r18. Four varieties were
included in the study; K.ixlgho.r:n ~wa~:, Te:nder·whi.te, Slimgreen, and Greerlpod.
The investigatj.oTl 'was condllcted over' tW() l1firv'€sting aIld processing peri-
ods. The first period was used to establish trends which could be studied
more closely during the second period~
Hirzel Carlning Company donatee} approx,inlatel,y six hundred pounds of
green beans of the 1tariety Tend.erwhite to ilLt·t:iat(~ the first study peri-
od. The green beB..I18 for the second stll.dy were t~rown on the Hortic'ulture
Farm at The Ohio state University.
The snap beans were processed in t!l€ Fr'tli t and Vegt~table Processin,g
and Technology Di.\rision· s Pilot PJ_ant llti.liztng pllot plant equipment
to duplicate commercial processing operatior!s.
PROCESSING PROCEDlfRE
In the first study pereiod el'$ irlg [:inti. cutti.ng the l)eans were
divided into eql1al lo·ts. Each blarlehed at different timee
and temperatures respectfully. The t tures ranged from 1300 to 212°F.
and the time ranged from one to four TILe' illd,ivid.l1aJ_ lots were
then divided in half, and then each h,al:f ,,[fiS co'"e:ced with either a sodium
chloride or calcium chloride bri.ne. Eac}l .~~lctlf lot vIas then q.ivided. a-
gain with one half exllausted prior to clo81,rreand trLe other half steam-
vac closed. The proc!uct was then process at ~ t 2400 F. for twenty
minutes, cooled, all(l stored at roc)m temp·el:atllre 11ni~il analyzed.
There were ten different blanch temperatures studied and each of
these ten Iota had a combinati.()n of thr~ee d.ifferent treatrnel1ts conducted
on it (blanch time, skit additive, type of closure) for a total of
twelve different variables in each lot&
SLOUGI1I~JG EVALUAT IOI~r I~I}JT,HODS
The green bearls weI"e allowed to equ,:i.lirJr;s3..te in the can for three
weeks before any evaluation was perfo~rThe<l,. Both objecti"\re H,11d subjec-
tive methods WeI"€ used to evaluate tile (le{~:ree of" sJ_o1.1.ghing. The sub-
jective method ~Tas aimpl.y inspecting the aniOU1'lt of aloug!1ing present
on handling of the snap beans. f-)co~ce .POj"I1tS from one to six wel:-ee· awarded
according to the degree of slolJ.g}1ing of thE' epidermal la.y·er of the bea.Ils.
The folloWing score cha.rt lvas foJ_.l.owed:
Score Point
1
2
3
4
5
6
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pescription
No sloughing present, the skins are resistant
to pressu,re.
Isolated sloughing but not obvious. Skin shows
some resistance to pressure.
Moderate sloughing, skin not resistant to force.
ObviollS sloughing preserlt which can be detrimental
to quality.
Moderately severe sloughing, beans are slippery
t 0 hand.~le.
Severe sloughing, slimy and deep epidermal
sloughing present.
The objective method which was used was developed by Van Buren of
Cornell in 1960. (3) A modification of this method was employed in this
study. Ten pieces of cut beans or flve whole beans were placed (this
should represent approximately thirty grams of beans) in a 500 mI.
Erlenmeyer flask and covered wi th 50 mi. of water. The flask i,8 then
stoppered and shaken vigorously approximately one hundred times in one
minute. The bean slurry is then transferred from the Erlenmeyer to a
100 mI. graduated cyitilhder ... The Erlenmeyer should be rinsed out with
about 20 mI. of water and this ad.ded to the graduated cyliJil.derr. The
final volume in the cylinder should be about 100 mI. The cylinder 1m
then allowed to set for one hour after which the amount of sediment
which rises to the top is measured in milliliters. Zero to six mill.i-
liters sediment is indicative of minor sloughing, 6 to 18 milliliters
indicate moderate sloughing, greater than 15 ml. indicates severe slough-
ing • Although this metJlod is not absolute , it did give reproducable re-
sults which corresponded well witb the subjective evaluation.
RESULTS MiD DISCUSSION
Results of each process variable are present in graphical form and
a brief discussion of the results.
Variety, MaturitYL-~nd Enviro~ent
It has long been recogn.izE~d ttlat there is raIlge in resistance to
sloughing among v~aI-:.a..et,j.es of €!:r~€en ))eans. Trlis Btud~y was not concerned
with the differences in sioughing bptween varieties and this factor
w~s kept constant in Loth studies.
Also, another variable wb.i.erl may be .present, but not con8idei.~ei in
this study was the wea~her conditions at harvest. Huffington (1) sug-
gested that rainy cool weather at time of harvest helps promote slough-
ing.
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Maturity was held constant in both studies, but it must be noted
that this is another factor influencing sloughing. McConnell (2) in a
study conducted for the National Canners Association indicated that
mature beans were more resistant to sloughing than immature beans, but
sloughing in mature beans was more objectionable.
Blanch Time and Temperature
Of the variables used, blanching temperature had the greatest effect
on the epddermic of green beans. This can be seen graphically in Figure
I. This graph is a plot of averaging the results obtained regardless
of the variables employed. Blanch temperatures in degrees Fahrenheit
are plotted along the horizontal axis versus the milliliters of sediment
obtained in the objective slough measurement. Contrary to popular opin-
ion, the amount of sloughing is not a linear relationship with blanch
temperature. In other words, sloughing does not necessarily increase
with an increase in blanch temperature. In fact, as can be seen from
the data, sloughing was present at both temperature extremes and the
least amount of sloughing was found in the middle region. This Bame ef-
fect has been reported (3) previously, and it has been suggested that an
enzyme known as pectin methylesterase was responsible for this phenomena.
This enzyme has been found to be present in the bean pods in large amounts
and reacts with the pectin after the beans have been heated by blanching
to temperatures between 1500 and 1800 F. The enzyme changes pectin in-
to an insoluble form which remains in the bean pod, and which con8equen~­
ly helPIJ to reduce sloughing. If the blanch temperature is either too .. !.
low or too high, the enzyme is either nonactivated or inactivated re-
spectively. In either case, the beans are made more susceptible to
sloughing because of the loss of pectin from the beans during grocess-
ing. These areas of activation are shown in Figure I with 160 -180
area as the optimum blanching temperature for controlling sloughing.
Sodium Versus Calcium Brine Fill
f
The results of the study indicated that calcium added to the brine
did, in fact help to reduce sloughing in all except the extreme blanch
temperature regions. Using sodium chloride as a control, the result.
of the calcium chloride addition are presented in Figure II. Although
the calcium addition did reduce sloughing in most instances, it has the
~dded disadvanta88 of over firming the bean pod. In some cases, this
firming can be detrimental to the final quality of the beans, thus, the
addition of calcium as a means to reduce sloughing must be carefully con-
trolled.
Steam~Vac Versus Exhaust Box Closure
The comparison of the two vacuumizing methods indicated that exhaust
closure greatly increased the sloughing of the green beans at all blanch
times and temperature. This indicated that the enzyme was probably in-
activated during the exhaust box treatment; thus, stopping any activity
of the enzymes. In the case of the steam-vac closure, the beans were
not given any heat treatment, consequently, allOWing the enzyme to con-
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tinueto function. It must be noted that the above effect was true only
if the enzyme was in the active form prior to closure. The results of
this study are given in graphical fo~ in Figure III.
The exh,aust box may still have an d.pplication in processing green
bean$ if control in the operation of some are exercised. That ie, the
tempe·l-ature of the exhaust box must be controlled in order that a center
can temper·ature of approximately 1800 F. is mainta:lned. This wou~d ELllow
the enzyme to catalyze the reaction for a longer period of time an~ thu~
more control of sloughing wo,~ld be obtained. The control would be the
length of time which the beans are eXP9sed to the heat while in the ex-
haust box.
IlEC 01\JIMEtIDAT IONS
The mOB~ effective method of decreasi.ng slou.ghing is to blanch the
beans at 170 to 1800 F., and to hold the beans in brine in the can at
1700 F. for several minutes. Stearn-vac closllre is recommended over the
exhaust box method. Calcium chloride can be llsad to llelp reduce slough-
ing ~ but this is not a cure aJ_l, and i t s}lould n.o·t be used indiscrim-
inately. Obviously, the degree of hardness of the water is the deter-
mining factor.
Several combina.tions of the above va,riabl.es should be employed to
reduce~oughing in snap beans if the baarls a.how tendello,ies to slou,gh.
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FIGURE I. This plot 1s an average
of all results resardless of the
variables employed. These datil
demonstratee a trend whlch 18 in-
dependent of all the variables ex-
''''capt blanch t,e·mperature. The three
areas wh1oha,re DBrked off refer
to the (legree of activation of the
enz.Y1D8 Ject1n methylesterase. This
enzyme Is believed to- ,greatly in-
fluence the ep1dernal sloueh1ng of
green beans and this seems to be
130 140 150 160 170 180 190 Steam supported by the gt8yh.
Blanch Tempera ture 0 F
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FIGURE II. This plot 1s an average
of the two minute blanch. The pur-
pose is to compire the Na salt asa1nst
Ca salt fill. The sodium results
are plotted by the 80lid line and
the calcium are plotted by the
broken line.
FIGURE III. This plot is an average
of the two minute blanc'h. The pur-
pose"ls to compare the Iteam 'VIle
closure against exhaust closure.
The solid line 1s a plot ot the
steam b losure and the broken. line
is the exhaust closure.
130 140 150· 160 170 180 190 SteeJJ1
Blanch Temperature 0 F
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EFFECT 01!' STlUi'NO'US CI-IIJOR II)r~ Oli
THE COLOR OF GL.ASS PA(;l:RD l{RJtfJT
by
J. R. Geisrnan
One probJAJm frequently encountered in a811.erkl~2)J.t :piackaged. in glass
containers is the discoloration dl18 to t~XP0f11;.:rt~ to lig.h:t 4' 1.'11jS reactj_oll
occ;ure at a relatively slow ra,te with trIte E?!ld r~aStll.t8 of do·~rn.gr.ading the
quality of the product. Thi.8 Stl1d.y WtBtS ul1d.el~te..l\.erl to (Ie·termina whet~ller
stannous chloride could be ad(lEHi ·to s21l1-er'kratlt 1:}~i-c¥..:ed in glass to preverlt
discoloration.
The addition of stannous chloride ~o asparagus is permitted by the
Food and Drug Administration. The maximum corltent allowa,ble was 15 ppm.
The amounts added to sauerkraut for this exper'iment va.ried from 0 to
15 ppm by 2.5 ppm increments.
A standard procedure was utilized in filling, closing and storing.
The acidity of the kraut was determined and standardized at 1.0 percentJ
as lactic. The salt content was kept at 1.3 percent.
Kraut was heated to 1650 F. and twelve o~~ces were filled into pin~
e1ass j.a..ps. The proper amount of St-a:rlrlO~lS chloride was added. Hot brine
(180° F.) was added to cover the sh~c!~ds; a.prr;'Gximately four ounces. Tria
jars were steam-flow closed and aIlo'wed tl) cool.
The jars were placed at room tsrl1p€;-ra.-tllre un.cased for exposure to
light. Visual observations were made cit W;fHBkl~? i.ntervals on the uniformity
of color. Samples were opened after 1, 3 a.I1d. C m()Iltr18 storae~e. At thea.
times pH, total acid and salt d.etE~rm.inatior18 ~! •.i::r."e ma~de. ~lo changes in
any of these attributes were noted during et • In addition, objective
color measurements were made utilizi,Ilg t.b~e A,.\!;"t·,con F color irlatrllment.
These data were compared ~o sim.ilar dat;a· ol)tH'1.':;d pri.or to Iiflckaging the
,kraut and are presented in Table I. Tllis il.LS'L ~"Io~lment was Bt,~;ldar'dized at
30 on a gray disc (Monsanto Lustrex 501 9.5) a!ld. at zero o~ a black disc
(Monsanto Lustrex 00).
TABLE I. A.GTRON COLOR VALUES FOR, S.Aln~:rtKRAUT STCJtED
FOR 1, 3 AllD 6 M0NTHS CO!~'rJ~.Tt~ING VARIOUS
COliCENTRAT IONS OF Sl·j\~l~()lrd CiiLORIDE
Stannous
Chloride(ppm)
0.0
2.5
5.0
7.5
10.0
12.5
15.0
o
Month
47
Agtr.on
; 1
Month
45
45
47
45
45
45
45
FColo"C" \Tal.ues.....-.;A......t --
_r~~~ 6
Monthe Months
-2b 22
33 27
39 29
37 29
37 29
37 32
36 34
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Since as Agtron values decrease, the color darkens, the data indi-
cated that the kraut darkened throughout the storage period. Kraut with
no stannouB chloride added darkened considerably and was unacceptable
after 3 months storage.
The least change in Agtron color value occurred with the samples
containing 15 ppm stannous chloride. However, by visual obeerving the
samples, it was noted that samples containing more than 5 ppm stannous
chloride were not uniform in color. A precipitate was formed which turped
aome shreds black and there were definite light and dark layers within
the package making the product unwholesome in appearance. Further in-
vestigations are underway to determine whether this objection can be over-
come.
Concentrations less than five parts per million offer aome promise
in delaying or retarding darkening. This aspect is also under further
investigation.
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PROTEINS AND ENZYMES IN THE APPLE FRUIT
IN RELATION TO VARlfjTY AND MATURATION
by
Robert L. Clements
Protein is the common chemical component of life, and is therefore
found in all living cells. In general, the proteins are comprised of
extremely complex and diversified molecules, and are highly susceptible
to damage from various environmental influences, such as heat and chem-
icals. The proteins include the enzymes, those organic catalysts which
regulate life processes, and which are generally considered to constitute
the basis of biology.
In spite of the importance of the proteins, little information has
been available regarding tillS class of conrpounds in the apple frtl.i t.
This lack of data has been due primarily to the difficulties associated
with isolation of the proteins from apple tissue: (1) Apple cortical
tissue ("pulp") contains very low levels of protein, generally less than
0.5%. (2) The tissue contains large amou.nts of acidic cell sap ("juice")
which denatures most of the protein, converting it into products which
bear little resemblence to the original biologically-active materials.
(3) Apple tissue contains relatively l~rge concentrations of phenols,
which are responsible for browning, and. Wl1ich are capable of denaturing
proteins.
Recently, the author developed a prepa,rati.ve procedure which appears
to circumvent these difficulties. Thi.s process involves quick-freezing
the tissue at -700 C (dry-ic(~ temperat11re) t foll.owed bjT pulverizing in
acetone at this temperature$ The temperature of the suspension is raised
to -25 0 C to dissolve tissue water (ice), and the solution is drawn off.
The fine powder which remains is dried under vacuum, and proteins are
extracted by Buspen.sion in buf.fer, 'fol]_o'~)ed by centrifugation. Data
from seven varieties at trlree stages of ma:1!li.l"'ity are'''p:r)(~'~sented in Table
I. Solids and acid were also measured to provide an indication of matur-
ation, and to serve as a chemical index of maturity. It may be noted
that the powders contai.n approximately 0.3 - 0.6% nitrogen, which is
equivalent to 2 - 4% protein. These powders are free of acids, phenols,
and other deleterious low-molecular weight compounds present ill the
original tissue.
Electrophoretic studies of extracts of thesE~ powders have demon-
strated that each sample contains 20 - 30 protein species in levels
sufficiently high for detection. UndoubtedJ_y, hWldreds, or perhaps
thousands, of protein species are present in lower concentrations, but
are not detectable as proteins. The studies have shown that apple cor-
tical tissue produces a characteristic protein profile, but that this
profile varies slightly among varieties. The studies have also demon-
strated that changes in the profiles occur during maturation and ripen-
ing, and there are indications that certain proteins increase in level
during the ripening process.
-36-
The same electrophoretic techniques have also been utilized for
enzyme studies. The enzymes, as proteins, are extracted and separated
in the same manner. However, whereas proteins are detected with a gen-
eral protein stain, specific enzymes are indicated by application of
specific methods which detect only the enzyme in question. Such methods
are tar more sensitive than the protein detection procedure, and there-
fore have demonstI'ated many more enzymes than proteins.
These studies have demonstrated the presence of isozymes (or multiple
forms) for most enzymes studied. Thus, eight amylases (enzymes which de-
grade starch) have been detected. Detection of esteraees, malic dehydro-
genases, acid phosphatasea, and peroxidaees have also demonstrated many i
isozymes. Single enzymes have been revealed for starch phosphorylase, I
malic enzyme and catalase. Differences in enzyme patterns among varieties
have been demonstrated, and changes in these patterns during maturation
and ripening are evident.
It is anticipated that further intensive application of these pre-
parative and electrophoretic techniques, in conjunction with other ana-
lytical methods, will provide valuable information regarding the role of
proteins and enzymes in the life cycle of the apple fruit. Such informa-
tion can be of great value in understanding and controlling the chemical
changes associated with ripening, and with various environmental condi-
tions and treatments. The characteristics of processed commodities, as
well as those of the raw fruit, are dependent upon the biochemical pro-
cesses within the fruit during growth ~nd maturation and after harvestirlg.
The enzymes determine these processes .-' These studies will also aid in
the measurement of maturity and quality.
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TABLE I. LOW-'.rEMPEBATURE ACETONE EXTRACTS AND POWDERS OF CORTICAL TISSUE
OF NINE VARIETIES OF APPLES AT THREE STAGE80F RIPENmG.R
2.0
3.1
3.2
2.3
2.6
2.9
1.6
3.2
3@8
~25
.51
.61
.32
.50
.51
.37
.42
.47
4.8.
2.2
2.7
5.0
3.2
3.4
7' ""'1.j
2.8
2.8
8.5
4.2
'I P....
-,..t.
5.1
3.9
2.8
8.6
3.2
3 .. 1
8.6
8.2
5.8
12Q3
5.4
5~3
11.7
7.7
8.2
103 9.2
113 12.3
106 11.5
113 llc3
157 13.9
128 13.9
128 9.6
113 11.3
107 11.5
Variety Wt. Per Sol. Solids: Acid: Meq. Acid: Percent Acetone Pwdr: Nitrogen: Protein:
and Fruit Percent of per 100 g. of Sol. Solids Percent of Percent of Percent of
Detab (g) Fresh wt. Fresh Wt. (as lvB11c) Fresh Wt. Acetone ~r. Ace~one Pwdr.
Golden
Delicious (T)
9-9
10-12
12-8
Grimes Golden
9-9
10-12
12-8
Jonathan
8-31
10-12
12-B
t
t---
(V)
I
:Ruby
9-9
10-12
12-8
Rome Beauty
9-9
10-12
12-8
Red Delicious
9-9
10-12
12-8
Staynan W1nesap
9-9
10-12
12-8
158
211
206
130
230
205
164
139
132
162
216
173
8~3
10.9
, 10.3
9.0
10.3
10.3
8.9
11.2
12.8
9.2
11.1
13.6
8.5
7.3
j ~~)
6.2
6.1
5.0
4.4
3.9
3.2
10.8
8.7
6.7
6.9
4 .--.J
3.6
4.6
4.0
3.2
3.3
2.3
1.7
7.9
6.9
3.3
5.5
4.2
2.6
4.5
3.2
2.8
6.2
4.3
3.2
6.3
5.6
2.8
.27
.36
.49
.34
.42
.60
.25
.30
.49
.25
~30
.55
1.7
1') ')
c_ • '-
3.1
2.1
2.6
3,e
1.6
1.9
3.1
1.6
1.9
3.4
a Data obtained from measurements on single samples of each variety, each sample consisting of ten fruits.
b The first two dates are approximate dates on which fruit was picked and prepared immediately; on the
third date, fruit from the second picking was removed from storage (4° C), held at 25° - 30° C
for one week, and processed.
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PROTEINS AND ENZYMES IN TOMATO FRUITS
by
Robert L. Clements
Prote~n content of the tomato fruit (less than 0.5%) is insignifi-
cant from the nutritional standpoint, and neither fresh fruit nor pro-
cessed products may be expected to contribute substantial amounts of pro-
tein to the diet. However, the protein fraction of the fruit is of gre$t
importance from the biochemical standpOint, since it includes the enzymes.
These substances, as regulators of cellular activities, determine the
composition and behavior of the fruit during growth and ripening. Thus,
the physical and chemical nature of the fruit is a function of the enzymes,
and this is reflected in processing behavior and in character of the
product.
Because of the low protein content of the tomato, and problems in-
herent in protein isolation from fleshy fruits, our knowledge of tomato
proteins and enzymes is very limited. Recently, the author developed a
technique for tissue preparation which facilitates such studies (See:
"Proteins and Enzymes in the Apple Fruit in Relation to Variety and
Maturation" in this Report), and this method has been applied to studies
of placental tissue (the fleshy porti.on) of tomato fruits. The process
involves homogenization at low temperatures (-60° 0; -76 0 F), followed
by extraction of water and low-molecular weight compounds (i.e., sugars,
acids, phenols, amino acids, lipids, pigments, etc.). The resulting
fine powder contains the protein, in addition to starch and such cell-
wall constituents as cellulose, lignin and pectic compounds.
Preparations from six yarieties at different stages of maturation
are presented in Table I. During ripening, yield of powders (on a fresh-
weight basis) declined, presumably because of decreasing levels of starch
and other polysaccharides. However, concentration of protein in the pow-
ders increased to levels exceeding 20%. These powders were generally
free of substances deleterious to proteins, and provided an excellent
medium for protein and enzyme studies •.
Extracts of these powders were subjected to disc electrophoresis,
and generally revealed 20 - 30 proteins. Several bands were very in-
tense, suggesting substantial levels of "bulk" or "non-functional" pro-
tein, Profiles from the different varieties at the same stage of matura-
tion were essentially identical. However, distinct differences were
evident between profiles of green and ripe fruit.
Disc electrophoresis was also utilized for detection of specific
enzymes. Most of the enzymes which have been studied produced multiple
bands, indicating isozymes (i.~., more tpan one enzyme catalyzing the
same reaction). Certain enzymes-(~.g., Bsterases, which hydrolyze es-
ters) produced patterns which varied ,among varieties, and which also
changed during maturation. Other patterns (~.g., acid phosphatase) did
not demonstrate significant differences among varieties, but did demon-
strate pronounced changes during ripening. Malic enzyme (involved in
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acid metabolism) produced a single band which decreased in intensity dur-
ing ripening. The8E~ examples, together wit.h data regarding sev"eral other
enzymes, suggest the enzyme complement of each variety may be unique, and
characteristic changes occur d'uring ripening.
To date, this study represents an approach, rather than an accumula-
tion of useful data. Further applicatioll of the techniques to specific
areas should aid in correlating biochemical processes in the fruit with
chemical and physi,cal characterlstics. SU,gars, acids, amino acids, pectic
compounds, pigments, volatil.e flavor compounds and many other chemical
components contribute to the character of a particular frUit, and these
constituents are all regulatE~d by tIle enzymE~s. Growth and ripening
characteristics, firmness, juice con-tent an,d color are all directly or
indirectly determined by the enzymes. Ultimately, it is hoped that know-
ledge of the enzymes of the tomato will aid in evaluating varieties for
raw consumption and processing, and in predicting and controlling charac-
teristics of the processed product. Information regardiI~ the enzymes
can thus contribute not only to quality evaluation, but also to quality
improvement.
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TABLE I. TOMATO POWDERS
Nitrogen Protein Protein
Powder
" of 'to of dp ofVariety Stage Season ~ Powder Powder Fresh Wt.
Golden Jubilee SlIB1l green 1965 4.3 2.03 12.7 0.55
Large green 2.9 2.41 15.1 .44
Breaking 2.4 2.72 17.0 .41
Ripe 2.3 3.05 19.1 .44
I Golden Jubilee large green 1966 4.2 2.42 15.1 .630
..::t Breaking 2.3 3.04 19.0 .44I
Ripe 2.1 3.42 21.4 .45
Marglobe large green 1966 2.9 3.14 19.6 .57
Ripe 2.2 3.82 23.9 .53
Rutgers Large green 1966 2.4 3.56 22.3 .54
Ripe 1.8 3.98 25.0 .45
Morton Hybrid Large green 1966 1.8 2.52 15.8 .28
Ripe 1.7 3.08 19.3 .33
Cardinal Large green 1966 2.5 3.22 20.1 .50
Ripe 1.7 3.35 20.9 .36
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EFFECT OF FOOD ADDITIVES ON QUALITY OF CANNED TOMATOES
by
Wilbur A. Gould
With the approval of the amen.dmellt to t.he Standard of Identity for
tomatoes by the Food and Drug Administration. to acidify arld 8wee·ten
canned tomatoes, a cooperative project was Qndertaken with the Morton
Salt Company to determine the eff·ect on pl"od.t~c·t quality of a fOrDllllated
tablet. The tablets were formulated accordirlg ~to the d.etaila in 'r·B.bIe I.
Tomatoes of variety Heinz 1370 were used. They were machine har-
vested, water - 0100 (1 00 ppm) handled, hauled and held tor 24 hOlII'S,
lye peeled with a w~tting agent (International Cllemical Corp. No. 1467) ,
filled 11.5-12 oz./303 plain can, covered with tomato juice with specific
tablet added, exhausted 4t minutes, steam flovl closed (17 psi), processed
20 minutes in boiled water and cooked to 105 0 F.
After 3 months, storage at room temperature, six cans were graded
according to U.S. Standards for Grades of Canned To:matoes. pH and total
acid were determined from a composite sampl.e ()f the canned product. In
addition, flavor was determined using a 10 member flavor panel scoring
the product 10 (perfect) to 0 (off).
The ~avor Bcores reported in Table I are average values. As oan
be observed from these data in Table I, the fld.di tion of acid to the-t,
tablets raised the titratable acid values from .16 to .21 above the
check samples. The pH was reduced from 4.4 to a low of 4.1 for most
of the lots. The effect of sugar is noted i.Ii the 1.ncrease solubl.e solids
up to 6.1%. It should be pointed out that tIle sample with the high salt
only was scored the highest.
'r.~BLE I. EFFECT OF FOOD AnnrrIVES ON GRADE AND
Q~ALIT'i OF CANNED TOMA'rOES
Scores by Grade Factors
Tablet Formulas in Grains Abs.
Salt Citric Drained Whole- of Total Total Soluble
g~~c~__NaC1 .Ac :1d S~6!:r Total Weight ness Color Def~ Score Grade pH Acid Solids Flavor
5 20 0 0 25 16 18 26.7* 30 90.3 B 4.4 .371 5.2 6.0
5 45 0 0 50 15.3** 19.3 28.0 29.7 92.3 B 4.3 .40 5.2 6.8
I 5 20 15 15 55 16.7 17 26.1* 30 90 B 4.19 .582 5.3 4.3
~
I 5 20 15 30 70 16.7 20 28 30 94.7 A 4.1 .576 5.6 4.9
5 -20 15 45 85 15.7** 20 29 29.7 94.3 B 4.1 .531 5.6 6.0
5 45 15 15 80 15** 18.7 28.7 30 92 B 4.1 .589 5.5 6.4
5 45 15 30 95 19 17 27 30 93 A 4.1 .531 6.1 5.5
5 45 15 45 110 18 16.7 25.7* 30 90 13 4.1 .538 6.1 5.1
*
Indicates Limiting Rule.
**
Indicates Fartlal Ltmit1ng Rule.
LSD for fla:"cr 8C ores equals o.9
EFFECTS OF SELECTIVE HERBIOIDES ON THE COMPOSITION
AND QUALITY OF TOMATOES
by
w. A. Gould, J. R. Geiaman, E. K. Alban and John Deppen
This project was undertaken in an effort to determine whether herb~­
cides recommended for use on tomatoes resulted in any detrimental effects
on the quality and composition of the taw product o~ the processed prod+
uct; and whether processing techniques might result in favorable or un-
favorable effects on the finished product~ following the use of herbicides
with these crops.
Herbicides used with tomato (variety Hein~ 1370), included: (a)
Dacthal at 8.0 lb/A and 16.0 Ib/A;(b) Vegiben:' at 4.0 Ib/A and 8.0 Ib/A;
and (c) Dymid at 6.0 Ib/A and 12.0 Ib/A. All treatments were applied
after tomatoes were transplanted into the field in the 1965 and 1966
season.
The crop was harvested mechanically and transported to the Fruit and
Vegetable Processing and Technology Division Pilot Plant for analysis and
processing. There were two aspects of this work, production and proces-
sing phase concerning tomatoes will be reported herein.
Analysis of the Raw Material
The raw material was evaluated for size, grade, pH, total acid,
soluble solids, objective color utilizing both the Agtron E and F, and
Vitamin C content. In additio~, analysis for residues was performed by
both chromatographic and radiochemical techniques.
lrOC.S8~ng
Each herbioide treat~ent ~as divided into three lots for manufacture
lnto tomato juice. These lota were washeq using detergents (2500 ppm)
in the soak tank and the final rinse pressure was varied from 50 to 100
to 650 psi, respectively. The tomatogs were extracted, pasteurized at
240 F. for 2t minutes, cooled to ~05 F. filled, sealed, held for 3
minutes, and oooled to 950 F. prior to casing and storage.
Anall!!' of the ,11~ishedProdupt
In addition to the prev1o~81y mentioned attributes measured on the
raw prOduct, the v18coeity and grade of the canned tomato juice was de-
termined. The data were analy~ed statistically.
Results
A comparison of the quality attributes of the raw product (Table I)
indicated that the treatments ~ad no affect on quality. The only herbi-
cide tn produce a residue in the raw prod~ct was Dacthal.
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The finished product data are reported in Table II. The results
indicated that the only attribute affected by herbicide treatment was
U.S.D.A. flavor score. Dymid, 12 Ibs/A, ~d Vegiben, 4 Ibs/A, treat-
ments were scored significantly higher than the check. Other treat-
ments except 16 Iba/A Dacthal were rat.ed higher than the check but not
significantly higher.
Harvest date produced significant differences in vitamin C content
and highly significant differences in U.S.D.A. flavor score, pH, total
acid, Agtron color and viscosity. U.S~D.A. color score and soluble sol~ds
were unaffected by harvest date.
Washing treatment had no effect on the quality of the finished prod-
uct.
No residues have been found in the finished product.
TABLE I. QUALITY EVALUATION OF TOMATOES
RAW PRODUCT BY HARVEST
~
Harvest Total Soluble Vitamin Residue
.:. Tree. tment Rate te.te pH Acid Solid.s Astron C (ppm)
Dymid 6 Ibs/A 9/14 4.11 .47 4.40 58.9 17.0 0.0
9/24 4.35 .49 4.80 45.8 34.3 0.0
Dymid 12 Ibs/A 9/14 4.00 .4-9 4.20 69.8 13.2 0.0
9/24 4.35 .44 5.00 47.2 35.5 0.0
Veg1ben 4 lbs/A 9/14 4.02 .46 4.10 50.7 16.4 0.0
I 9/24 4.31 .49 4.50 49.7 24.1 0.0
t.r\
...::t
8 1bs/A 9/14 63.9I Ves1ben 3 -94 .52 4.30 15.7 0.0
9/24 4.39 .42 4.60 46.9 31.9 0.0
18ctha1 8 Ibs/A 9/14 4.05 .43 4.22 50.4 19.0 0.2
9/24 4.38 .46 4.40 38.9 23.5 0.2
Dactba1 16 1bs/A 9/14 4.05 .48 4.40 51.7 18.6 0.68
9/24 4.15 .35 4.50 34.9 28.9 0.65
Check 9/14 4.22 .43 4.00 53.6 20.8 0.0
(Cultivated) 9/24 4.49 .49 3.90 54.6 31.0 0.0
Treatments NS NS NS NS NS
Harves t 18te .01 NS .05 .05 .01
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TABLE II. QUALITY EVAWATIOli OF CANNED TOMATO JUICE (3 MONTHS)
BY TREATMENTS, WASHING METHODS AND HARVEST ~TES
Treatment Wash U.S.D.A. Color U.S.D.A. Color
Code Methods g~14 9724 - 1£14 9724 -x xA 1 27 26.5 35 35.5
2 26 26 26.0 35 35 35.0
~ 26 27 26.5 35 37 36.0
x 26.0 26.7 26.3 35.3 35.7 35.5
B 1 28 26 27.0 36 38 37.0
2 26 26 26.0 35 38 36.5
3 25 26 25.5 36 36 36.0
x 26.3 26.0 26.3 35.7 37.3 36.5
c 1 27 28 27.5 36 38 37.0
2 25 27 26.0 36 38 37.0
3 27 28 27.5 36 36 36.0
f 26.3 27.7 27.0 36.0 37.3 36.7
D 1 25 25 25.0 36 35 35.5
2 28 26 27.0 33 36 34.5
3 26 26 26.0 35 36 35.5
x 26.3 25.7 26.0 34.7 35.7 35.2
E 1 26 25 25.5 35 35 35.0
2 25 27 26.0 35 36 35.5
~ 25 28 26.5 36 38 37.0
x 25.3 26.7 26.0 35.3 36.3 35.8
F 1 24 27 25.5 30 35 32.5
2. 24 25 24.5 30 36 33.0
~ 25 27 26.0 36 38 37.0
x 24.3 26.3 25.3 32 36.3 34.2
G 1 . 27 24 25.5 35 35 35.0
2 25 25 25.0 33 36 34.5
3 24 26 25.0 33 37 35.0
i 25.3 25.0 25.2 33.7 36.0 34.8
I 25.7 26.3 34.7 36.4
i 1 2 3 x 1 2 3
26.1 25.8 26.1 35.4 35.1 36.1
Source F LSD F lSD
Treatment NS .05 1.13
Harvest ~te NS .01 1.06
Wash NS NS
T X HD NS NS
TXW NS NS
HD X W NS NS
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TABIE II (Continued)
Treatment 'Wash pH Total Acid
Code Methods r 9714 9724 i 97i4: 9{24 x
A 1 4.2 4.2 4.20 .45 .42 .435
2 4.3 4.4 4.35 .45 .44 .445
J 4.2 4.3 4.25 .45 .47 .460
x 4.23 4.30 4.27 -.450 .443 .447
1 4.25 4.4 4.32 .45 .41 .43
2 4.21 4.3 4.25 .48 .41 .445
3 4.2 4.4 4.30 .47 .39 .43
x 4.22 4.37 4.29 .467 .403 .435
c 1 4.2 4.3 4.25 .44 .42 .43
2 4.3 4.4 4.35 .42 .42 .42
3 4.2 4.3 4.25 .43 .42 .425
x 4.23 4.33 4.28 .430 .420 .425
D 1 4.2 4.3 4.25 .45 .40 .425
2 4.3 4.3 4.3 .47 .40 .435
3 4.3 4.3 4.3 .48 .40 .44
x 4.27 4.3 4.28 .467 .400 .433
E 1 4.3 4.3 4.3 .44 .42 .43
2 4.2 4.3 4.25 .46 .42 .44
~ 4.2 4.4 4.3 .47 .42 .445
x 4.23 4.33 4.28 .457 .420 .438
F 1 4.3 4.4 4.35 .42 .40 .41
2 4.2 4.'3 4.25 .43 .42 .425
3 4.2 4.3 4.25 .44 .43 .435
x 4.23 4.33 4.28 .430 .411 .423
G 1 4.3 4•.3 4.3 .41 .44 .425
2 4.3 4.3 4.3 .44 .41 .425
~ 4.3 ~4. 3 4.3 .45 .41 .43
x Je..3 4.3 4.3 .433 .420 .427
c 4·\~25 '4.32 .448 .418:x
1 2 3 1 2 3
~ 4.28 4.29 4.28 x .426 .433 .438
Source F LSD F LSD
Treatment NS NS
Harves t 1*te .01' .035 .01 .014
Wash N8 NS
T X HD NS .05 .036
TXW .05 .062 NS
HD X W NS NB
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TABLE II (Continued)
Treatment Wash Soluble Solids V1l!JCOs1~
Code Methods 9714 9Z~lf i iJll; 924
A 1 5.4 5.7 5.55 52 53 52.5
2 5.5 6.0 5.75 60 49 54.5
~ 5.7 5.9 5.80 59 56 57.5
x 5.53 5.87 5.70 57.0 52.67 54.83
B 1 6.2 5.5 5.85 59 57 58.0
2 5.4 5.6 5.5 56 41 51.5
3 5.8 5.8 5.80 67 52 59.5
x 5.80 5.63 5.72 60.67 52.0 56.33
C 1 5.6 5.6 5.60 59 48 53.5
2 5.8 5.6 5.70 58 48 53.0
2 5.5 5.7 5.60 56 49 52.5
x 5.63 5.63 5.63 57.67 48.33 53.0
D 1 5.5 5.4 5.45 65 50 57.5
2 5.7 5.6 5.65 53 49 51.0
3 5.8 6.3 6.05 66 50 58.0
x 5.67 5.71 5.72 61.33 49.67 55.5
E 1 6.3 5.5 5.90 72 48 60.0
2 5.8 5.9 5.85 53 54 53.5
3 5.9 5.6 5.75 56 53 54.5
i 6.00 5.67 5.83 60.33 51.61 56.0
F 1 5.6 5.8 5.70 65 53 59.0
2 5.4 5.8 5.60 57 52 54.5
~ 5.6 5.8 5.70 54 53 53.5
x 5.53 5.8 5.67 58.61 52.67 55.61
G 1 4.1 6.0 5.35 50 56 53.0
2 5.4 5.6 5.50 56 51 53.5
3 5.6 5.4 5.50 61 52 56.5
:f 5.23 5.67 5.45 55.67 53.0 54.33a: 5.63 5.12 58.76 51.43x
1 2 3 1 2 3
x 5.63 5.65 5.74 56.21 53.07 56.0
~ource F LSD F LSD
Treatment NS NS
Harves t Date NS .01 5.39
Wash NS NBC"
T X HD NS NS
TXW NS NS
BD X W NS NS
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TAIIE II (Continued)
Treatment Wash Vitamin C 9MtrOlJ. ..Code Methods 9,{14 9724 i 1 9724 i
A 1 18.6 19.5 19.05 52 48 50.01
2 18.1 19.5 18.80 52 50 51.0 1
3 18.6 18.1 18.35 54 50 52.0 I
:f 18.43 19.03 18.73 52.67 49 .•33 51.0
B 1 17.7 19.8 18.75 56 46 51
2 18.1 21.4 19.75 56 46 51
3 17.7 20.9 19.30 56 48 52
i 17.83 20.7 19.27 56 46.67 51.3
c 1 18.6 19.9 19.25 54 48 51
2 19.5 18.1 18.80 56 46 51
3 18.6 18.4 18.5 42 46 44
~ 18.9 18.8 18.85 50.67 46.67 48.1
D 1 18.1 20.0 19.05 55 50 52.5
2 19.5 20.0 19.75 54 48 51
3 20.0 19-.0 19.50 54- 48 51
I 19.2 19.67 19.43 54.33 4~.67 51.5
E 1 18.9 17.9 18.4 50 48 49
2 19.1 19.1 .19.1 54 47 50.5
3 19.1 19.5 ' 19.3 54 46 50
:f 19.03 18.83 18.93 52.67 41 49.83
F 1 17.7 19.5 18.6 56 48 52
2 17.7 18.6 18.15 55 46 50.'
3 17.2 18.1 17.65 56 46 51
x 17.53 18.13 18.13 55.61 46.67 51.11
G 1 13.9 19.1 16.5 56 51 53.5
2 19.5 17.9 18.1 54 48 51
3 15.4 21.4 18.4 62 52 57
x 16.27 19.47 17.87 51.33 50.33 53.83
I 18.11 19.32 54.19 41.91
1 2 3 1 2 3
x 18.51 19.01 18.71 51.28 50.86 51.0
Source F LSD F LSD
Treatment NS liS
Harves t IBte .05 1.52 .01 2.27
Wash NS NS
T X HD NS BS
TXW NS NS
BD X W NS NS
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TRACE LEVELS OF PESTICIDE RESIDU}]S IIi AGRICULTURAL
COMMODITIES IN MJ\R.KETING CFI.A.NN1JL3
by
w. A. Gould, J. R. Geisman, E. K. Alban,
John Deppen and P. van Pottlesberghe
This research was undertaken as a regional project with Ohio conduct-
ing experiments in the area of defoliant chemicals used on tomatoes and
potatoes. Of particular concern is the influence of preparation proce-
dures and processing techniques on removing, reducing or detOXifying pes-
ticide residues.
The tomatoes were obtained from the Northwest Branch of the Ohio
Agricultural Research and Development Center, Hoytville while the potatoes
were obtained from The Ohio State University Horticulture Farm, Columbus.
Commercially accepted cultural practices were followed for both commod-
ities with defoliant treatments applied to the plants prior to harvest.
Rates and treatmente are indicated in Table I.
TABLE I. CONCENTRATION OF DEFOLIAN'r CHEMICALS
APPLIED TO TOMATOES AI'fD POTATOES
Concentrations Applied To
Chemical Tomatoes Potatoes
Paraquat*
Shed-a-leaf**
Sodium Arsenite
t pint/A
3 & 4 lbs/A
o
1 & 2 pts/A
o
6 & 12 Ibs/A
i
Chemically this product is 1:1 'dimethyl-4,4'dipyridilium
dichloride.
** Chemically this product is a sodium chlorate/borate mixture.
Both commodities were harvested mechanically. An untreated con-
trol lot as well as the treated sampled were harvested at 4 and 11 days
a~ter application for tomatoes and 7 and 15 days after application for
potatoes.
Handling
Tomatoes from both the treated and untreated plots were harvested
into bulk containers holding apprOXimately 300 pounds of fruit. Three
handling systems were used to determine whether residues could be removed
or reduced by handling treatments. These were: dry, water with 500 ppm
chlorine (sodium hypochlorite), and water with 500 ppm chlorine (sodium
-51-
hypochlorite) plus 2500 ppm tomato washing compound. The fruits remained
in these treatments while being transported to Columbus (approximately
110 miles) for a maximum of 10 hours following harvest prior to processing.
On the other hand, lots of the potatoes were placed in 35'0, 55°, and 70° F.
for periods of 0, 1, and 3 months prior to processing. When the tuber.
were removed from storage, ea.ch lot was conditloned for 1, 10, and 20 days
before being processed.
Analysis of Raw Material
The raw product was e'V~aluated for quality as well as for defoliant
residue. Quality evaluations of the tomatoes included: pH, total acid,
soluble solids, vitamin C content, and objective color using Agtron E and
Agtron F instruments. Potatoes were evaluated for specific gravity and
size.
Determinations of residues were carried out according to standard
procedures utilizing chromatographic tecllniques. In addition, a new'er
technique, neutron activation analysis was aI.so utilized to determine
residues. The results are presented in Tables II and 1116
Processing
Each handling treatment was divided so that a portion of the frui.t
was peeled by two ·methods and the remainder was manufactured into tomato
juice. One-- half of each lot of the tomatoes was peeled conventionally
usl~ a 45 second steam scald and the other half was peeled using a hot
(180 F •. ) 15% lye solution. The fruits were filled into #303 fruit enam-
'eled cans, sealed, and processed at 2200 F. for 20 minutes.
The tomatoes to be manufacture,d into tomato juice were div'ided into
two lots: one was washed under 100 psi spray rinse and the other lot was
washed at 150 psi. For both lots, the tomatoes were conveyed under the
spray rinse with a roller conveyor and the fruit made 2t revolutions un-
derothe spraying system. The tomatoes were extracted, pasteurized at
240 F. for 2t minutes6 cooled to 2050 F. filled, sealed, held for 3 min-
utes, and cooled to 95 F. prior to casing and storage.
The potatoes were sliced (18 slices to the inch) and washed in cold
(600 FO) water. The slices were divided into two lots. One was friedat 375 F. and the other at 3500 F. in a continuous chip fryer using pea-
nut oil.
Aftalysis of the Finished Product~
The same analyses that were performed on the raw product were also
done on the finished product. In addition, the grade of whole tomatoes
and tomato juice and the viscosity of the juice was determined. For po-
tatoes, Coughlin Color, Agtron F co~or and percent yield were determined.
These results are presented in Table IV, ·V and VI.
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The residue deMcerminations indicated that no reBid'ues of any of the
defoliants were found in either of the prooessed produ.cts. Tile conclu-
sions drawn from this study are:
1. No differences in qua.Iity or processing have been obtained for
the various treatments for tomatoes.
2 • Sodium areen1te produced a definite lowering in q'uality of both
raw and processed potatoes.
3. No residues were found in any of the processed products included
in this study.
TABLE II. TOMA.TO RAW PRODUCT OBJECTIVE QUALITY EVALUATION AND
CHElilICAL ANALYSIS BY DEFOLIANT AND HARVEST DATE
Vit.
Harvest Total SOl'~lble ft,gtron Astron C Residue
Defoliant Rate De.te J2!i Aeid Sclids F E
J (nnm)
..,., .....;l-~~_ .. 't'".--.,-:<.'_~_. _.~~~~it:; t'tF'm
W_"FTMpm.~10(25
..."'~
Shed-a-les.f 4 Ibs/A 9/14 4.40 .41 4D63 30~O 44.4 21.9 6031
9/21 4.41 .39 4.01 26.2 38.5 22.3 8.68
x 4.40 .40 4.32 28.1 41.4 22.1 7.49
I
(Y') Shed-a-leaf 3 Ibs/A 9/14 4.45 .38 4.73 26.8 40.1 24.5 12.95If\
I
9/21 4.42 3.83 26.8 18.4 4.73.37 39.2
- 4.44 .38 4.28 26.8 10.08x 39.7 21.5
Paraquat ~ pt/A 9/14 4.45 .39 4.53 28.8 43.0 20.8 0.83
9/21 4.45 .37 4.06 24.0 41.5 22.4 0.91
- 4.45 .38 4.30 26.4 42.3 21.6 0.87x
Control 0 9/14 4.47 .39 4.49 29.2 45.4 21.8 a
9/21 4.41 .40 4.05 24.8 39.9 22.0 0
x 4.44 .39 4.21 21.0 42.6 21.9 0
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TABIJ!: III. RAW PRODUCT OBJECTIVE QlJALITY EVALUATION AND
CHEMI(:AL JlNALYSIS BY DEF()LIANT AND HARtlE.ST DATE
Harvest SI\l8c1:f-1c Count/ Residue
Defoliant Rate Date C~re.v1t\'· 8 lba _ (~pp:)._-~
Sodium Arsenl te 6 Ibs/A 10/13 1.058 27 0
10/18 1.062 19 0
i 1.060 23 0
Sodium Arsenite 12 lbs/A 10/13 0
10/18 1.058 14 0
- 1.058 14 0x
Paraquat 1 pt/A 10/13 1.071 16 G
10/18 1..065 16 0
.i 1.068 16 0
Paraquat 2 pt/A 10/13 1.061 19 0.2
10/18 19 0.0
i 1.061 19 0.1
Control 0 10/13 1.071 26 0
10/18 1.066 16 0
i 1.068 21 0
TABLE IV. GFADE.AND OBJECTIVE EVALUATION OF CAlfNED TOMATOES
U.S.D.A. Grade Factors
Har- Process Abe.
vest Handling Treat- Total Drained Whole- of Total
'Defoliant IBte Treatment mentc,d Acid Wei t ness Color Defects Score Grade
Shed-a-leaf 9 1 Dry c .30 .37 1 .'8 16.8 27.8 30 91.4 A
9/21 c 4.33 .42 18.8 18.0 26.6a 30 93.4 B
9/14 d 4.50 .39 18.1 17.1 27.0 30 92.2 A
9/14 Cl c 4.30 &38 15.3b 14.58- 24.11 29.8 84.3 c
9/21 c 4.27 .44 15.5b 16.0 25.6& 29.8 86.9 B
9/14 d 4.38 .43 17.3 15.sa 24.Bfl 30.0 87.9 c
9/14 Cl + Det. e 4.30 .43 16.3 16.0 25.8'1 29.8 87.9 B
I 9/21 4.18 .42 16.0 18.0 27.1 29.3 90<.4~ At.r\ e
l[\
I
9/14 d 4.38 .41 16.6 16.6 25.SS 29.8 88.8 B
Shed-a-leaf 3 Ib/A 9/14 Dry e 4.30 .44 16.8 17.0 26.~ 30.0 90.6 B
9/21 c
9/14 d 4.40 .38 16.3 17.3 27.0 30.0 90.6 A
9/14 Cl c 4.35 .32 16.5 15.8& 26.8B. 30.0 89.1 C
9/21
9/14 d 4.35 .41 16.5 14.8& 26.1a 30.0 87.4 c
9/14 C1 + Det. e 4.30 .36 16.0 16.5 25.8'1 29.7 88.0 B
9/21 c 4.33 .43 17.5 16.2 27.1 29.5 90.3 A
9/14 d 4.43 .42 15.5b 15.~ 25.0- 29.6 85.8 c
TABLE IV (Continued)
U.S.D.A. Grade Factors
Har- Process Abs.
, vest Handling Treat- of Total
Defoliant Date Tree.tment mento , d Defects Score Grade
Paraquat 9 1 Dry c . 30.0 90.5 B
9/21 c .41 30.0 90.9 B
9/14 d 4.40 .39 17.1 17.6 28.0 30.0 92.7 A
9/14 C1 c 4.25 .38 15.7b 15.7& 24.28- 30.0 85.6 c
9/21 c 4.30 .42 18.6 15. 78. 26.1a 30.0 90.4 c
9/14 d 4.30 .43 18.5 16.6 23.5& 30.0 88.6 c
9/14 C1 + Det. c 4.30 .38 15.8b 16.0 26.5& 29.3 87.6 B
9/21 c 4.30 .42 19.3 17.0 26.811 30.0 93.1 B
9/14 d 4.27 .46 17.5 16.0 26. (j1 30.0 89.5 B
I Control 0 9/14 Dry c 4.23 :.45 18.8 17.1 26. (j1 30.0 91.9 ·B
\0 9/21 c 4.25 .42 16.6 17.5 26.1& 29.9 90.1 Bt.r\
•
9/14 d 4.35 .40 16.0 16.6 26.f!! 29.9 89.3 B
9/14- C1 c 4.20 .45 16.2 15.3& 25.5& 29.9 86.9 c
9/21 c 4.23 .40 16.6 15.aa 26.68- 29.9 88.9 c
9/14 d 4.43 .40 16.0 16.3 26.6& 30.0 88.9 B
9/14 01 + Det. e 4.23 .46 17.0 17.0 25.fP 29.9 89.5 B
9/21 c 4.23 .42 16.0 16.2 25.f!! 29.7 87.7 B
9/14 d 4.37 .36 16.8 15.0a 27.5 30.0 89.3 c
a L1m1t1ng Rule. Cannea-tomatoes falling into these classifications may not be graded higher reaardless
of total se ore.
b Special Limiting Rule. Sample units of canned tomatoes falling into this classification rray not be
graded higher than U.S. Grade B, reaardless of total score.
c Steam Peel.
d Lye Peel.
TABLE V. GRADE AND OBJECTIVE QUALITY EVALUATIONS OF CANNED TOMATO JUICE
Process
Har- Handling Treat- Vitamin 'f,
vest Treat- ment Total C Agtron Soluble V1scosi ty
Defoliant Rate I8te ment (psi) pH Acid Mg/lOOg F Solids (Sec)
Shed-a-leaf 41b/A 9/14 Comp.* 150 4.5 .40 23.0 38 5.8 49
9/21 Dry 100 4.47 .42 20.0 37 5.9 61
150 4.47 .42 21.0 39 5.85 57
C1 100 4.47 .41 21.0 36 6.0 55
150 4.55 .38 22.5 33 5.95 50
C1 + Det. 100 4.45 .42 22.0 36 5.8 57
150 4.52 .40 22.0 35 5.6~ 56
,
Shed-a-1eaf 3 1b/A 9/14 Comp. 150 4.5 .42 25.6 39 5.85 51t-
lJ\
I
9/21 Dry 100 4.5 .37 18.9 35 5.1 59
150 4.4 .39 21.0 36 5.5 58
Cl 100 4.4 .41 21.0 36 5.6 58
150 4.45 .41 21.0 37 5.5 58
C1 + Det. 100 4.5 .38 23.5 34 5.9 57
150 4.5 .42 21.0 35 6.1 54
Paraquat ~ pt/A 9/14 Compo 150 4.5 .42 23.0 40 6.4 49
9/21 Dry 100 4.55 .34 21.0 38 5.75 54
150 4.4 .42 21.0 37 5.8 56
C1 100 4.45 .43 32.0 37 5.65 56
150 4.45 .43 22.0 38 6.0 52
C1 + Det. 100 4.53 .34 22.5 36 5.65 52
150
Har- Handling
vest Tree.t-
Defoliant Rate Date :ment
Control 0 9/14 Comp.
9/21 Dry
Cl
Cl + Det.
* Composite.Ico
It'\
•
TABLE V (Continued)
Process
Tree.t- Vitamin %
ment Total C Agtron Soluble Viscosity
(psi) pH Acid Ms!100g F Solids (Sec)
150 4.48 .37 24.3 39 5.92 46
100 4.6 .42 21.0 36 5.6 54
150 4.7 .44 23.0 35 5.9 53
100 4.4 .39 21.0 37 5.3 52
150
100 4.4 .43 22.0 35 5.68 50
150 4.35 .43 23.1 35 5.75 52
TABLE V (C ontinued )
Process U.S.D.A. Grade Factors
Har- Handling Tree.t- Abs.
vest Treat- ment Cons1s- of Total
Defoliant Rate Date ment (psi) Color ~-~~p.Qy~ Def. FIa.vor Score Grade
~ _ .. ~--- - - --~_._--~--~ ..~. ~-_._~--
Shed-a-1eaf 4 lb/A 9/14 Camp. 150 29 15 15 40 99 A.
9/21 Dry 100 29 15 15 38 97 A
150 29 15 15 38 97 A
C1 100 30 15 15 40 100 A
150 30 15 15 38 98 .A
C1 + Det. 100 29 15 15 38 97 A
150 29 15 15 39 98 A
I Shed-a-leaf 3 Ib/A 9/14 Camp. 150 28 15 15 38 96 A0\
Lr\
I
9/21 Dry 100 29 15 15 38 97 A
150 30 15 15 40 100 A.
C1 100 30 15 r15 40 100 A
150 30 15 15 38 98 A
Cl+Det. 100 29 15 15 38 97 A
150 28 15 15 38 96 A
Paraquat ~ pt/A 9/14 Coml'. 150 28 15 15 38 96 A
9/21 Dry 100 27 15 15 37 94 A
150 28 15 15 38 96 A
C1 100 28 15 15 37 95 A
150 28 15 15 38 96 A
C1 + I)et. 100 29 15 15 39 98 A
150
•o
\0
I
TABlE V (Continued)
U.8.D.A. Grade Factors
Process
Bar- Handling Treat- Abe.
vest Treat- ment Cona1s- at Total
Defoliant Bate Date ment (psi) Color tency Det. Flavor Score Grade
Control 0 9/14 Comp. 150 27 15 15 37 95 A
Dry 100 28 15 15 38 96 A
150 29 15 15 38 97 A
C1 100 29 15 15 38 97 A
150
Cl + Det. 100 28 15 15 38 96 A
150 29 15 15 38 91 A
~T..l\BLE VI. QUALTrY EVALUATION OF POTATOES AND POTATO CHIPS
BY DEFOLIANT TREATMENT+ AND STORAGE ~TURES
Storage Specific ~
Defoliant Rate Tem]?eI'ature Gravity Count Yield Coughlin Agtron
0
Control 0 35 1.067 20.5 24.0 8.5 17.~
55° 1.065 16.0 24.4 7.5 23.4
70° 1.066 17.8 27.1 6.2 30.4
- 1.066 18.1 25.2 7.4 23.8x
Sodium 6 Ib/A 35° 1.060 21.9 23.7 8.6 14.5
Arsenite 55° 1.057 22.8 25.5 7.0 22.5
I 70° 1.061 23.9 26.6 6.4 24.7
r-I x 1.059 22.9 25.3 7.3 20.6\0
•
Sodium J2 Ib/A 35° 1.059 19.0 24.05 8.9 13.5
Arsenite 55° 1.058 20.1 25.2 7.4 19.5
70° 1.061 32.0 25.1 7.'2 20.5
x 1.059 23.7 24.8 7.8 17.8
Paraquat 1 pt/A 35° 1.065 18.5 25.6 8.45 17.0
55° 1.065 17.3 27.4 6.7 26.3
70° 1.069 17.5 28.0 6.3 30.3
- 1.066 17.8 27.0 7.2 24.5x
Paraqua.t '2 pt/A 35° 1.063 16.0 24.9 8.5 15.1
55° 1.068 18.0 26.8 6.5 25.4
70° 1.065 18.0 27.4 6.2 31.2
x 1.065 17.3 26.4 7.1 23.9
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REMOVAL OF DDT RESIDUES BY lfNIT OPERATIONS
IN PREPARING AND PROCESSING SPINACH
by
J. R. Geisman, John Deppen and Benita Yao
This report is a summary of research conducted on a federal project
with the objective of determining role of unit operations such as washing
or blanching in removing insecticide residues. Spinach was chosen as an
example of a leafy crop which 1s extremely difficult to cleanse.
It i8 possible to obtain two crops of spinach in a single "growing"
season. The data reported in the tables are averages obtained from four
crops during two seasons 1965 and 1966.
Approximately one month after planting spinach was sprayed with DDT
at the recommended rate. Samples were immediately taken to determine the
uniformity .of application and the reproducability of method used for de-
tection of residues.
Samples were also removed at 5, 10, 15, and 30 day intervals to de-
termine how effectively DDT could be removed prior to the tolerance date.
The processing procedure remained uniform throughout the harvesting
periods. The procedure utilized was as follows: '
1. Weigh spinach and remove 1 lb. for DDT residue determination.
2. Trim and remove defective portions.
3. Wash for 3 min. in 700 F. water.
4. Diviqe the samples into two lots.
5. Wash one as in 3 above and wash other as in 3 above with 2500 ppm
detergent added.
6. Wash as in 3 above for both lots.
7. Divide both lots into equal portions.
8. One half to be ste~ blanched for 3 min., the other half to be
water blanched (180 R) for 5 min.
9. After blanching, cool. each lot and fill 12 oz. into #303 plain
tin cans and cover with hot (1800 F.) brine.
10. 0108:9, coding each lot separately, process 20 min. at 2500 F.
cool and store for analysis.
Samples were removed after each wash and each blanch for DDT residues
'determinations. Both chromatographic and radiochemical techniques were
utilized for residue detection. The results are reported in Table I as
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percent reductions calculated on the basis of the residue found at time
of harvest. It should be noted that with time the residue was reduced.
This relationship was not linear since the residues were asrfollows:
5 days = 35.0 ppm
10 days = 7.53 ppm
15 days = 1 .62 ppm
30 days = 1 .41 ppm
TABLE I. PERCENT REDUCTION OF DDT RESIDUE AT 5, 10, 15, AND 30
DAYS AFTER APPLICATION BY UNIT OPERATIONS
,(AVERAGE FOR 4 CRO~?S),
Unit Operation
PeI'cent Reduction At
5 Days 10 Days 15 DayS 30 Days
Plain Wash"
Detergent Wash
Plain Wash, Hot Water Blanch
Plain Wash, Steam Blanch
Detergent Wash, Hot Water Blanch
Detergent Wash, Steam Blanch
46.8
74.1
73.1
85.8
52.3
85.3
11 .4
56.3
73.3
93.9
56.2
74.6
95.7
97.9
97.3
97.7
100.0
94.8
50.9
82.2
74.5
90.8
84.4
85.2
The results indicated the greatest reduction in residue regardless
of treatment was made at 15 d~YB after applicati.on. Washing with deter-
gent in most cases greatly increases the removal of the residue. Steam
blanching was most effective when used without detergent washing. In
moat cases, detergent washing was as effective as plain wash combined with
hot water blanching. In general, detergent wash followed by steam blanch-
ing was most effective in reducing the amount of DDT remaining on the
crop.
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THE USE OF CHLORINE DIOXIDE IN HANDLING AND
HOLDING MECHANICALLY HARVESTED TOMATOES
by
J. R. Geisman, Winston D. Bash, Edwin Schmidt, Jr.
Linda Hamrick and W.A. Gould
The National Canners Association in a report on mechanical har-
vesting indicated that mechanically harvested fruit may contain more
bacterial spores than hand harvested fru1t. Th.e use .of a .bacterioidal'·'
agent could reduce this spo~e build-up.
Considerable data have been collected concerning bactericidal agents
particularly their effect on quality as well as spore count. During the
period 1963 to 1966 data have been, collected on two materials: Chlorine
as sodium hypochlorite and chlorine dioxide in frozen form and as sodium
chlorite powder. The results of these studies indicated that chlorine
dioxide was at least two and one half times as effective in controlling
spore build-up as chlorine.
With the results obtained, it then becomes a problem of choosing the
form o~ chlorine dioxide to use. There are several distinct advantages
of the powder over the frozen form of chlorine dioxide. These are as
follows:
1. Ease of storage. There is no need for refrigeration. Powder
could .be preweighed for field use.
2. Ease of handling. Powder can be handled directly and does not
become activated until mixed in water with small amount of
hypochlorite or acid.
3. ~ck of odor. Frozen form has an obnoxious odor which ca~
cause temporary 10SB of taste. Powdered form has no odor.
4. Ease of preparation. Powder could be mixed with water prior
to use without lOBS of effectiveness due to breakdown by' sun-
light.
A use chart could be prepared so that a certain amount of the sodium
chlorite could be weighed in the field to be added to each container of
tomatoes. Using 500 ppm chlorine dioxide control of spores was maintained
after 24 hours •
A comparison of the results between the two forms is presented
in Table I.
From Table I it can be seen that chlorine dioxide in the powder
form is extremely effective in controlling spores from mechanically
harvested tomatoes.
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TABLE I. .A tlEBAGE SPORE CGlINT OBTA!NED US ING CFJLORINE,
llIOXIDF (FB.OZEN FORM) AND CHLORINE DIOXIDE
(POWDER FORltf) AFTER 12 AND 24 HOURS
Concentration Av·er8.~ ~12.0re CountJml. At
Compound Form.. (Frm~ 12 Hours 24 Hoursr
Chlorine Liquid 1000 400 600
Chlorine Dioxide Frozen 500 12.5 26.6
Chlorine Dioxide Powder 500 0 0
EFFECT OF MECHANICAL HARVESTING AND HANDLING
OF TOMATOES Ol~ QUALITY OF CANNED TOMATOES
by
Wilbur A. Gould, J. R. Geisman, Edwin Schmidt, Jr.
John McClelland and W. N. Brown
Studies were continued in 1966 similar to the 1965 program with con-
centration on water handling and holding systems (12 and 48 hours). The
basic systems of handling and the detailed data as to each attribute of
quality obtained from each treatment are given in Table I. All data were
obtained from the variety Heinz 1370 grown at the Ohio Agricultural
Research and Development Center, Northwestern Branch, Hoytville. The
tomatoes were harvested with a Western Model FMC tomato harvester and
handled according to treatments in Table I.
The only treatment with 0 spore count was the lot machine harvested
into water with 500 ppm 0102. The next best lot in terms of spore counts
was the lot hand harvested Into hampers. The highest spore counts were
obtained with the tanks where tutane and the tank where detergents were
added. The CI02 (500 ppm) treatment was more effective than the 01(500 ppm) lot in control of spore. This is similar to data obtaine~ in
1965. Product quality differences due to treatments w'ere not signifi-
cantly different. However, it should be pointed out that the water treat-
ment protects the fruit from mechanical damage in filling the containers,
in hauling to the factory and in holding prior to processing. Further,
fly egg, mold growth and if CIO? up to {520 ppm) is added, bacterial
spore build-up is also controll~d.
TABLE I. EFFECT OF HANDLING TREATMENTS AND HOLDING TIMES
ON QUALITY AND GRADE OF CANNED TOMATOES
Hold Abs. Ave.
Time in Total Drained Who1e- of Total Spore
Treatment Hours pH- Acid Weight ness Colpr Def. Be ore Grade Count
Hand-Hamper 12 4.32 .365 15** 19.5 25.7* 30 90 B 53.8
48 4.22 .435 17.3 19.1 27.3 30 94.3 A 83.8
- 4.27 .400 16.2 19.5 26.5 30 92.2 68.8x
Machine-~per 12 4.4 .371 15.3** 19.7 27.3 30 92.3 B 425
48 4.4 .378 16 17.7 27.3 30 91 A 286.3
I - 4.4 .375 15.7 18.7 27.3 30 91.7 355.7.t-- x
\0
I 4.32 .384 94.3Machine-Midwest 12 15** 19.7 30 29.79 B 197.5
Lug 48 4.4 .409 16 17.3 26.7* 30 90.7 B 315
x 4.36 .397 15.5 18.5 28.4 29.9 92.5 256.3
Mach1ne- 12 4.4 .378 15.7** 18 .27 30 90.3 B 535
California Lug 48 4.32 .422 16.7 16.3 26.3* 30 89.3 B 585
x 4.36 .400 16.2 17.2 26.7 30 89.8 560
Machine- 12 4.3 .403 15** 19.7 28.3 30 90.7 B 315
Plastic Box 48 4.3 .422 19 18.7 27.3 30 95 A 252.5
x 4.3 .413 17 19.2 27.8 30 92.9 283.8
Maohine-Tote 12 4.4 .378 14.7** 18.7 27.3 30 90.7 B 130
Box Dry 48 4.3 .275 17 18.3 26* 30 91.3 B 258.8
- 4.4 18.5 26.7 194.4x .327 15.9 30 91.0
TA~LE I (Continued)


